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V l l
SENSITIZATION AND DESENSITIZATION DURING 
ACOUSTIC SIGNAL DETECTION TASKS
CHAPTER I 
INTRODUCTION
For y e a r s  man has known t h a t  the  p resence  of one a c o u s t ic  s ig n a l  
can have a v a r i e t y  o f  e f f e c t s  upon the  p e rc e p t io n  o f  an o th e r  a c o u s t ic  s i g ­
n a l .  One such e f f e c t  i s  a change in  the l i s t e n e r ' s  th re s h o ld  f o r ,  or d e ­
t e c t i o n  o f ,  one s ig n a l  in  the  p resence  o f  a n o th e r .  S ev e ra l  q u a l i t a t i v e  
in v e s t i g a t io n s  o f  t h i s  phenomenon were undertaken  in  th e  18th and 19th 
c e n t u r i e s .  I t  was n o t  u n t i l  the 1920 's ,  however, t h a t  the s u b je c t  was 
in v e s t ig a t e d  q u a n t i t a t i v e l y  (Boring, 1942, 352-392).
Since the  1920 's ,  many in v e s t i g a t o r s  have s tu d ie d  the  changes in  
th e  d e t e c t a b i l i t y  fo r  one s ig n a l  in  the p resence  o f  v a r io u s  m o d e ra te - lev e l  
and h i g h - l e v e l  a c o u s t i c  s i g n a l s . 1 G en e ra l ly ,  th e se  s tu d ie s  have been con­
cerned  w ith  th e  k ind  and degree o f  masking produced by the l a t t e r  s i g n a l s . 2 
In a more uncommon approach, o th e r  in v e s t i g a t o r s  have s tu d ie d  th e  changes 
in  th e  d e t e c t a b i l i t y  fo r  one s ig n a l  in  the  p resence  o f  v a r io u s  o the r  low-
% o r th e  purposes o f  t h i s  s tu d y ,  m o d e ra te - le v e l  s ig n a l s  range 
from a twenty d e c ib e l  s en sa t io n  l e v e l  (20 dB SL) to  70 dB SL and a h ig h -  
l e v e l  s ig n a l  i s  above 70 dB SL in  human o b se rv e rs  w ith  normal h e a r in g .
2por d is c u s s io n s  and l i s t s  of r e fe re n c e s  in  t h i s  a re a ,  c o n s u l t  
Ward (1963) and H a r r i s  (1967).
2l e v e l  s i g n a l s . 3 In g e n e ra l ,  these  s tu d ie s  have been concerned w ith  the 
degree  o f  s e n s i t i z a t i o n  or d e s e n s i t i z a t i o n  produced in  the  a u d i to r y  sy s ­
tem by such s i g n a l s . 4
The purpose o f  t h i s  in v e s t ig a t io n  was to  s tudy ,  h i s t o r i c a l l y  and 
e x p e r im e n ta l ly ,  the phenomena of s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  in 
a u d i t io n .  The gen era l  q u es t io n s  asked in the  in v e s t ig a t i o n  a r e  when, to  
what d eg ree ,  and why do s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  occur?  I t  i s  
r e a l i z e d  t h a t  th i s  one study  cannot answer a l l  o f  th e se  q u e s t io n s  com­
p l e t e l y ,  bu t  i t  i s  hoped th a t  t h i s  in v e s t ig a t i o n  w i l l  c o n t r i b u t e  to  the 
e v e n tu a l  unders tand ing  o f  the s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  phenomena 
in  a u d i t io n .
A review  o f  th e  s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  l i t e r a t u r e ,  
which i s  d iscussed  in  d e t a i l  in  Chapter I I ,  re v e a le d  th a t  i n v e s t i g a t o r s  
have u t i l i z e d  on-going to n e s ,  b r i e f  tone p ip s ,  or b r i e f  n o is e  p ip s  as 
t e s t  s i g n a l s .  Many of th e se  i n v e s t ig a t o r s  have u t i l i z e d  one g iven  
s in u s o id  as  the  on-going , lo w - le v e l ,  n o n - te s t  s i g n a l .  The frequency  oé 
the on-going s in u so id  h a s  v a r ie d  from study to  s tu d y ,  and i t  h a s  v a r ie d  
w ith in  given s tu d ie s  as an experim en ta l pa ram ete r .  The use  o f  a s in g le
% o r  the purposes  of t h i s  s tudy ,  a lo w - le v e l  s ig n a l  i s  su b lim in a l  
or below 20 dB SL in  no rm al-h ea r in g  o b se rv e rs .
^For the purposes  o f  th i s  s tudy , s e n s i t i z a t i o n  i s  an improvement 
in  th e  d e t e c t a b i l i t y  fo r  a t e s t  s ig n a l  in the  p resen ce  o f  a d i f f e r e n t ,  
on -g o in g ,  low -leve l s ig n a l  when compared to  the  d e t e c t a b i l i t y  fo r  the 
t e s t  s i g n a l  p resen ted  a lo n e .  Conversely , d e s e n s i t i z a t i o n  i s  a  worsening 
in  th e  d e t e c t a b i l i t y  fo r  the  t e s t  s ig n a l  in  th e  p resence  o f  a d i f f e r e n t ,  
on -go ing , low -leve l s ig n a l  when compared to  the  d e t e c t a b i l i t y  fo r  the 
t e s t  s i g n a l  p resen ted  a lo n e .  Although th e re  a re  e x c e p t io n s ,  i n  most o f  
the  r e c e n t  l i t e r a t u r e ,  th e  terms s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  have 
been re s e rv e d  for p e r s t im u la to ry  e f f e c t s  and th e  terms f a c i l i t a t i o n  and 
d e f a c i l i t a t i o n  have been rese rv ed  fo r  p o s t - s t im u la to r y  e f f e c t s .  Because 
t h i s  s tu d y  d e a ls  w ith  p e r s t im u la to ry  e f f e c t s  th ro u g h o u t ,  the  former two 
terms a re  used .
3s in u s o id  as  the  o n -g o in g ,  lo w - le v e l ,  n o n - t e s t  s i g n a l  has the  advantage 
o f  s im p l i c i ty .  Thus, i n t e r p r e t a t i o n s  o f  th e  r e s u l t i n g  a u d i to ry  p ro c e ss  
a r e  r e l a t i v e l y  e a s y  when compared to  th e  i n t e r p r e t a t i o n s  o f  a u d i to ry  
p ro cesse s  which r e s u l t  from more com plica ted  s i g n a l s .  The rev iew  o f 
th e  experim en ta l l i t e r a t u r e  in  Chapter I I  i s  l im i te d  to  i n v e s t i g a t i o n s  
which have u t i l i z e d  on-go ing , lo w - le v e l  s in u so id s  as  the n o n - t e s t  s i g n a l .
Some i n v e s t i g a t o r s  o f  s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  have 
u t i l i z e d  o th e r  n o n - t e s t  s i g n a l s .  Some have used on-going n o is e s  o f  
v a ry in g  bandwidth and l e v e l s .  O thers  have used b r i e f  s in u s o id s  or b r i e f  
n o is e s  of v a ry in g  bandwidth s e t  a t  v a r io u s  le v e l s  and p re se n te d  s im u l­
ta n eo u s ly  w ith  th e  t e s t  s i g n a l . ^ Such approaches a r e  not co n s id e re d  in  
t h i s  study because  e i t h e r  the  n o n - t e s t  s ig n a l s  have been r e l a t i v e l y  h ig h  
i n  le v e l  o r  too b road  in  spectrum , le a d in g  to  complex a u d i to ry  p ro c e s s in g .
S e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  have been s tu d ie d  w ith  th e  t e s t  
s i g n a l  and the  n o n - t e s t  s ig n a l  p re se n te d  m o n o t ic a l ly  and/or w ith  the  two 
s ig n a l s  p re s e n te d  d i c h o t i c a l l y .  Such i n v e s t ig a t io n s  are  reviewed in  Chap­
t e r  I I  of t h i s  s tu d y .  In a d d i t io n ,  d i o t i c  s t im u la t io n  has been u t i l i z e d  
t o  s tudy b in a u r a l  summation.^ The l a t t e r  s tu d ie s  a r e  o u ts id e  the scope 
o f  th i s  i n v e s t i g a t i o n  because  s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n ,  as de­
f in e d  p re v io u s ly ,  r e q u i r e  the  d e t e c t i o n  o f  one s ig n a l  in  th e  p resence  o f  
a d i f f e r e n t ,  o n -g o in g ,  lo w - le v e l  s ig n a l  and not in  th e  p resen ce  o f  a s im i ­
l a r ,  on-going , lo w - le v e l  s ig n a l .^
C
For d i s c u s s io n s  and l i s t s  o f  r e f e r e n c e s  in  t h i s  a r e a ,  c o n s u l t  
D irk s  and N o r r is  (1966) and Campbell and Laskey (1967).
^ o r  r e f e r e n c e s  in  t h i s  a r e a ,  c o n s u l t  D eatherage (1966).
7por th e  pu rposes  o f  t h i s  s tu d y ,  a s im i la r  s ig n a l  h a s  the same 
number o f  Hz as th e  t e s t  s ig n a l  or causes  b e a ts  in  th e  p re sen ce  o f  the  
t e s t  s ig n a l .  A d i f f e r e n t  s ig n a l  does n o t  meet such c r i t e r i a .
4Some au th o rs  have developed t h e o r i e s  which a t tem p t to  ex p la in  
th e  mechanism or mechanisms r e s p o n s ib le  f o r  s e n s i t i z a t i o n  and d e s e n s i t i ­
z a t io n .  When monotic s t im u la t io n  i s  c o n s id e re d ,  two g en e ra l  th e o r i e s  
have been advanced: (1) t h a t  b o th  s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n
r e s u l t  from th e  mechanics o f  b a s i l a r  membrane movement; (2) t h a t  both 
phenomena r e s u l t  from n e u r a l  i n t e r a c t i o n .  The on ly  th e o ry  which has  been 
advanced concern ing  d i c h o t i c  s t im u la t io n  i s  t h a t  o f  n e u ra l  i n t e r a c t i o n .  
These th e o r i e s  a l s o  a r e  p re s e n te d  and d is c u s s e d  in  d e t a i l  in  Chapter I I  
o f  t h i s  s tu d y .
I t  i s  w e l l  known t h a t  p sy ch o p h y s ica l  th re s h o ld  i s  q u i t e  v a r i a b le  
d e s p i t e  s t r i c t  c o n t ro l  o f  the  a p p a ra tu s  and p ro ced u re .  One o f  th e  f a c t o r s  
which c o n t r ib u te s  to  t h i s  v a r i a b i l i t y ,  and one which the  c l a s s i c  psycho­
p h y s ic a l  methods do n o t  e v a l u a te ,  i s  th e  re sp o n se  b ia s  o f  th e  o b s e rv e r .  A 
procedure  based on the  Theory o f  S ig n a l  D e t e c t a b i l i t y  a llow s fo r  the  e v a l ­
u a t io n  o f  t h a t  f a c t o r .  In a d d i t i o n ,  ve ry  s u b t l e  d i f f e r e n c e s  in  performance 
can be observed w ith  s ig n a l  d e t e c t i o n  methods when they  cannot be observed 
w ith  c l a s s i c  p sy ch o p h y s ica l  p rocedu res  (C la rk e  and B i lg e r ,  1963). For 
th e se  r e a s o n s ,  th e  two main experim ents  in  t h i s  s tudy  e v a lu a te d  the ob­
s e r v e r s '  d e t e c t i o n  o f  th e  t e s t  s i g n a l s  r a t h e r  than  t h e i r  psychophysica l 
th re s h o ld s  fo r  t e s t  s i g n a l s .  The t e s t  s i g n a l s  were b r i e f  n o is e  p ips  p r e ­
sen ted  alone o r  in  the  p re sen ce  o f  an o n -go ing ,  lo w - le v e l ,  50-Hz s in u so id  
s e t  a t  v a r io u s  S L 's .  The ex p e r im e n ta l  p ro c e d u re s ,  as w e l l  as th e  o v e r - a l l  
des ig n  and th e  hyp o th eses  o f  th e  study, a re  d is c u s s e d  in  Chapter I I I .  The 
ba lanced  o rd e rs  o f  t r e a tm e n ts  f o r  the  two main experim ents  a re  p re se n te d  
in  Appendix A.
The d a ta  o b ta in e d  from th e  experim en ts  in  t h i s  s tudy  a re  p r e ­
sen ted  in  Appendix B and in  C hapter IV. These d a ta  have been ev a lu a te d
5w ith  d e s c r i p t i v e  and i n f e r e n t i a l  s t a t i s t i c s .  Summaries o f  the se  eva lu ­
a t i o n s  appear in  Appendix B and Appendix C. The r e s u l t s  o f  the s tudy 
a r e  p re se n te d  and d iscussed  in  Chapter IV. A summary and the o v e r - a l l  
c o n c lu s io n s  o f  th e  s tudy , as w e l l  as sugges tions  fo r  f u r th e r  re s e a rc h ,  
a r e  p re sen te d  in  Chapter V.
CHAPTER I I  
REVIEW OF THE LITERATURE 
In t ro d u c t io n
The most p e r t i n e n t  i n v e s t i g a t i o n s  o f  the s e n s i t i z a t i o n  and desen­
s i t i z a t i o n  phenomena, as th e s e  phenomena a re  descr ibed  in  Chapter I ,  are 
p re s e n te d  in  t h i s  c h a p te r .  This l i t e r a t u r e  survey fo llow s a c h ro n o lo g ic a l  
sequence and i s  d iv id e d  i n t o  two s e c t io n s  according to  the mode o f  p resen ­
t a t i o n .  The b e h a v io ra l  s t u d i e s  in  which the t e s t  and n o n - te s t  s ig n a l s  
were p resen ted  m o n o t ic a l ly  a re  reviewed f i r s t .  These s tu d ie s  a re  then 
d is c u s s e d  in  view o f  anatomic and p h y s io lo g ic  f in d in g s  and /o r  t h e o r i e s .
The b eh av io ra l  s tu d i e s  in  which the  t e s t  and n o n - te s t  s ig n a l s  were p re ­
sen ted  d i c h o t i c a l l y  a re  review ed second and they a re  d isc u sse d  in  the  same 
manner. A summary o f  the h i s t o r i c  f in d in g s  i s  p resen te d  a t  th e  end o f  th e  
c h a p te r .
Monotic P re s e n ta t io n s  
R e s u l t s  o f  B ehav io ra l S tud ies  
Although most of t h e i r  re s e a rc h  d e a l t  with th e  e f f e c t s  o f  on­
go ing ,  m o d e ra te - le v e l  and h i g h - l e v e l  s in u so id s  upon th e  th re s h o ld s  of 
o th e r  s in u s o id s ,  th e  f i r s t  r e s e a r c h e r s  who used q u a n t i t a t i v e  methods to  
i n v e s t i g a t e  the in f lu e n c e  o f  an on-going , low -leve l s in u s o id  upon the  
th r e s h o ld  o f  a d i f f e r e n t  a u d i to ry  s ig n a l  were Wegel and Lane (1924).
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7They p resen ted  the on-go ing , n o n - te s t  s in u s o id  a t  a given SL and s e t  
another on -go ing  t e s t  s in u s o id  a t  a su b l im in a l  l e v e l .  Threshold  for 
the  t e s t  s in u s o id  was then determ ined by the  experim en te rs  w ith  an a s ­
cending p ro ced u re .  This te chn ique  was re p e a te d  w i th  many frequency 
com binations, bu t on ly  one o b se rv e r  was used .
Wegel and Lane found th a t  an on -go ing , lo w - le v e l  s in u so id  did 
n o t  a f f e c t  th e  o b s e r v e r 's  th re s h o ld  fo r  th e  t e s t  s in u so id  u n le ss  the two 
s ig n a ls  were s im i la r  in  f requency , but n o t  s im i la r  enough to  cause b e a t s .  
In  such c a s e s ,  the  th re s h o ld  fo r  the  t e s t  s ig n a l  in c re a s e d .  This e f f e c t  
was c a l le d  masking, the  amount of which was exp ressed  in  terms of the 
degree of the th re s h o ld  s h i f t .  The masking e f f e c t  t h a t  Wegel and Lane 
noted  fo r  one s ig n a l  in  the  p resence  o f  an on-go ing , lo w -lev e l  s in u so id  
f i t s  the d e f i n i t i o n  o f  d e s e n s i t i z a t i o n  as i t  i s  used in the  p r e s e n t  s tudy .
Of th e  frequency  com binations in v e s t ig a t e d  by Wegel and Lane, the 
amount of d e s e n s i t i z a t i o n  ranged from the  e q u iv a le n t  of 0 .0  dB to  the 
e q u iv a le n t  o f  approxim ate ly  19.5 dB.^ More d e s e n s i t i z a t i o n  was noted fo r  
the  t e s t  tone in  the  p resence  o f  n o n - te s t  tones o f  lower frequency than 
in  the p resence  o f  n o n - te s t  tones  o f  h ig h e r  frequency .
In s p e c t io n  o f  Wegel and L ane 's  u n co rrec ted  d a ta  sugges ts  th a t  
both s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  occurred  fo r  some t e s t  to n e s .  The 
au tho rs  a p p l ie d  c o r r e c t io n s  to  a l l  da ta  and no evidence o f  s e n s i t i z a t i o n  
appears  in  th e  c o r re c te d  f i g u r e s .  They po in ted  out t h a t  in  t h e i r  p ro­
cedure a g iven  minimum a u d ib le  re fe re n c e  v a lu e  in q u ie t  was an average 
taken over a p e r io d  o f  s e v e ra l  days whereas a given minimum a u d ib le  t e s t
^That amount o f  d e s e n s i t i z a t i o n  occurred  f o r  a 3500-Hz tone in  
th e  p resence  o f  an on -go ing , 20-dB SL, 3300-Hz tone .
8va lu e  in  the p re sen ce  of any given s in u s o id  was the average  o f  four ob­
s e rv a t io n s  taken  in  success ion  on the  same day . They s t a t e d  t h a t  on th e  
day o f  the  ex p e r im en ta l  r u n ,  any given th r e s h o ld  could have been b e t t e r  
than the  average v a lu e  over a p e r io d  of day s ;  hence , th e  c o r r e c t io n s  were 
made. No mention was made o f  th e  f a c t  t h a t  any given th re s h o ld  had an 
equal chance o f  b e in g  poorer on th e  day o f  th e  ex p e r im en ta l  run  and no 
c o r r e c t io n s  were made fo r  t h a t  p o s s i b i l i t y .  I t  appea rs  th a t  the  c o r re c te d  
v a lu es  do no t dem onstra te  some s l i g h t  s e n s i t i z a t i o n  which may have taken 
p la c e  bu t do d em onstra te  s l i g h t l y  more d e s e n s i t i z a t i o n  than p robab ly  d id  
take  p la c e .  As a r e s u l t ,  the  e f f e c t s  o f  a lo w - le v e l  s in u s o id  upon the  
th re s h o ld s  o f  o th e r  s in u s o id s ,  as re p o r te d  by Wegel and Lane, a re  open to  
some q u e s t io n .
Wegel and Lane ex p la in ed  t h e i r  masking f in d in g s  in  terms o f  t h e i r  
i n t e r p r e t a t i o n s  o f  co ch lea r  m echanics. They m a in ta in ed  t h a t ,  because o f  
the  p rox im ity  o f  th e  in d iv id u a l  n e u ra l  s t r u c t u r e s ,  v i b r a t i o n  o f  one would 
s e t  the  o th e rs  c l o s e  to  i t  i n to  v i b r a t i o n ,  p roduc ing  n e u ra l  im pulses in  
a l l  o f  the  n e u ra l  f i b e r s  in  the a re a  of s t im u la t io n .  They b e l ie v e d  t h a t  
i f  one s in u so id  o f  a given am plitude s e t  a s e c t io n  o f  th e  b a s i l a r  membrane 
in t o  v i b r a t i o n ,  t h i s  would o v e r r id e  the v i b r a t i o n  a s s o c ia te d  w ith  ano the r  
s in u so id  o f  l e s s  am plitude  which s e t  the same g e n e ra l  a re a  of th e  b a s i l a r  
membrane in to  v i b r a t i o n .  Thus, acco rd ing  to  Wegel and Lane, the  second 
s in u so id  would be masked by the  f i r s t  because  th e  motion o f  the  b a s i l a r  
membrane would n o t  a l low  th e  b ra in  to  p e rc e iv e  th e  two s t im u l i  s e p a r a t e ly .
The e x p la n a t io n  o f  masking by Wegel and Lane p laced  c o n s id e ra b le  
im portance upon th e  movement o f  the  b a s i l a r  membrane a s  a p e r ip h e r a l  m edi­
a t o r  fo r  th a t  d e s e n s i t i z a t i o n  e f f e c t .  No m ention  was made o f  the  s e n s i t i ­
z a t io n  phenomenon excep t fo r  a b r i e f  d i s c u s s io n  o f  th e  b ea ts  t h a t  occurred
9when one th r e s h o l d - l e v e l  s in u s o id  and one s l i g h t l y  s u b l im in a l - l e v e l  
s inuso id  o f  s im i la r  frequency were p re s e n te d  to g e th e r .
Hughes (1940) r e p o r te d  th e  r e s u l t s  o f  experim ents  th a t  he  con­
ducted in  the  l a t e  1 9 3 0 's .  Using h im s e l f  as  the prim ary observer  and one 
o the r  person  as an o c ca s io n a l  o b s e rv e r ,  he measured the th re s h o ld s  fo r  
t e s t  tones  o f  v a ry in g  frequency . He then observed the  e f f e c t s  o f  on-going 
su b lim in a l  tones o f  v a ry ing  frequency  and o f  v a ry in g  s u b lim in a l  l e v e l  upon 
these  th r e s h o ld s .  Hughes d id  n o t  s p e c i f y  which t e s t  tones  were p u lse d  and 
which t e s t  tones were continuous b u t  he im plied  th a t  bo th  k inds  o f  p re s e n ­
t a t i o n s  were u t i l i z e d .  The n o n - t e s t  tones were p re sen te d  a t  2, 3 , and 4 dB 
below each o b s e r v e r 's  th re s h o ld .
For the prim ary  o b se rv e r ,  Hughes found a mean th re s h o ld  improve­
ment a c ro s s  f req u en c ie s  of 1.31 dB when the  sub lim ina l  tone was s e t  a t  
-2 dB SL, 1.22 dB when s e t  a t  -3 dB SL, and 1.13 dB when s e t  a t  -4  dB SL. 
The th re sh o ld  improvements fo r  the  o th e r  observer  were s im i la r  b u t  s l i g h t l y  
l e s s  than those  o f  the  prim ary o b s e rv e r ,  the  g r e a t e s t  d i f f e r e n c e  be ing  
0 .16  dB. Hughes te s t e d  many to n a l  com binations and d i f f e r e n c e s  occu rred  
w ith  narrow or wide s e p a ra t io n s  in  th e  f req u en c ie s  o f  th e  two to n e s .  He 
concluded th a t  the  i n t e n s i t y  r e q u i r e d  fo r  th re sh o ld  i s  l e s s  in  th e  p r e s ­
ence o f  a tone from -2 to  -4 dB SL than  when p resen ted  a lo n e ,  r e g a r d l e s s  
o f  the frequency  o f  the  accompanying tone .
The improvement in  th r e s h o ld  th a t  Hughes observed in  the  p r e s ­
ence o f  an on-going  su b lim in a l  tone f i t s  th e  d e f i n i t i o n  o f  s e n s i t i z a t i o n  
as i t  i s  used in  the  p re s e n t  s tu d y .  Hughes b e l iev ed  t h a t  the  improvement 
in  th re s h o ld  was a n e u ra l  summation e f f e c t  which was m ediated by th e  cen ­
t r a l  nervous system . He d id  n o t  b e l ie v e  t h a t  th e  improvements in  t h r e s h ­
o ld  could be a p e r ip h e r a l  phenomenon because wide frequency  d i f f e r e n c e s
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e x i s t e d  between th e  tones du ring  many o f  the p r e s e n ta t io n s .  This  implied 
th a t  d i f f e r e n t  p a r t s  o f  the b a s i l a r  membrane were s t im u la te d  by the  two 
tones and th a t  n e i t h e r  s t im u la t io n  a f f e c t e d  the  o th e r .
With a p rocedure  s im i la r  to t h a t  d escr ibed  above, Hughes a lso  
s tu d ie d  th e  e f f e c t s  of 700-Hz tones upon the  two o b se rv e rs '  th r e s h o ld s  
fo r  a 1100-Hz tone when the former s ig n a l s  were p resen ted  a t  2 ,  3, and 
5 dB SL. No changes in  the  th re s h o ld s  w ere .n o ted .  Hughes concluded th a t  
as the i n t e n s i t y  o f  the lo w - le v e l ,  n o n - t e s t  tone is  r a i s e d  to  a  l e v e l  
j u s t  above th r e s h o ld ,  th e  improvement e f f e c t  dec rease s  u n t i l ,  f i n a l l y ,  
the re  i s  no improvement a t  a l l .  He made no a t tem pt to  exp la in  why n e u ra l  
summation occurred  in  th e  p resence  of lo w - le v e l  su b lim in a l  s t i m u l i  bu t 
n o t  in  th e  p resen ce  of low -lev e l  au d ib le  s t im u l i .  None o f  Hughes' r e s u l t s  
p rov ide  ev idence  o f  d e s e n s i t i z a t i o n .
Although Hughes u t i l i z e d  e l a b o r a te  equipment to  c o n t r o l  th e  small 
changes i n  f requency  and i n t e n s i t y  n e c e s sa ry  fo r  h i s  s tu d y ,  th e  e x p e r i ­
mental procedure  t h a t  he used i s  open to  s e v e ra l  c r i t i c i s m s .  H is two ob­
s e rv e rs  were no t g iven  e q u iv a le n t  t a s k s .  Thresholds fo r  the t e s t  tone 
alone were always de term ined  f i r s t  w h ile  th re s h o ld s  fo r  the  t e s t  tone in 
the  p resence  of th e  n o n - te s t  tone  were always determined l a s t .  The psycho­
p h y s ic a l  methods used  t o  o b ta in  the  th r e s h o ld s  were n o t  s p e c i f i e d .  At 
times the  t e s t  tone  was pu lse  1 and a t  o th e r  times i t  was c o n t in u o u s ,  but 
the  order of the  two approaches was n o t  ba lanced . Some frequency com­
b in a t io n s  of t e s t  tone  and n o n - te s t  tone  were eva lu a ted  many tim es and 
o th e rs  were e v a lu a te d  only  once bu t the  mean o f  a l l  d e te rm in a t io n s  was 
used t o  d e s c r ib e  th e  r e s u l t s .  In view o f  th e se  f a c t o r s ,  i t  i s  p o s s ib le  
t h a t  th e  sm a ll  dB d i f f e r e n c e s  observed were due to  p ro ced u ra l  a r t i f a c t s  
r a th e r  than  s e n s i t i z a t i o n  e f f e c t s .
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Ehraer (1959) u t i l i z e d  a t r a c k in g  ta s k  to  s tudy th r e e  o b s e rv e r s '  
th re s h o ld s  fo r  pu lsed  tones from 100 to  8000 Hz in  the p resence  o f  on­
going s in u s o id s  o f  250, 500, 1000, 2000, and 4000 Hz. These on-goirtg 
tones  were p re se n te d  a t  s e n s a t io n  l e v e l s  o f  20 dB t.o 100 dB. Only the 
n o n -b e a t in g  e f f e c t s  o f  the 20-dB SL s in u s o id s  a re  considered  in  th i s  
rev iew .
The r e s u l t s  showed th a t  v a r io u s  d eg ree s  o f  d e s e n s i t i z a t io n  
occurred  in  th e  p resence  o f  each 20-dB SL s in u s o id  but no s e n s i t i z a ­
t io n  e f f e c t s  were n o te d .  The g r e a t e s t  amount o f  d e s e n s i t i z a t i o n  (7 dB) 
occu rred  in  th e  p resence  of the  on-go ing , low -frequency, 20-dB SL s in u s ­
o id s .  In a d d i t i o n ,  th e  r e l a t i v e  number o f  f req u en c ie s  d e s e n s i t i z e d  was 
g r e a t e s t  in  th e  p resence  of the  low -frequency  s in u s o id s .  Ehmer concluded 
t h a t  the o n ly  d e te rm in a n t  o f  the  d e s e n s i t i z a t i o n  observed could be the  
a c t i v i t y  p a t t e r n  in  th e  coch lea  which r e s u l t s  from the on-go ing , lo w - le v e l ,  
s in u s o id a l  s t im u la t i o n .  He supported  t h i s  conc lusion  w ith  e s s e n t i a l l y  the  
same re a s o n in g  g iven  by Wegel and Lane (1924).
D ea the rage  and Henderson (1967) hypo thesized  th a t  th e  a u d i to ry  
system i s  most s e n s i t i v e  during  the  l a t e  s ta g e s  o f  the downward d e f l e c t io n  
o f  the  b a s i l a r  membrane. To t e s t  t h i s  h y p o th e s i s ,  they examined two human 
o b s e rv e r s '  a b i l i t y  to  d e t e c t  3150-Hz p u ls e s  as  a fu n c tio n  o f  the  amount 
and d i r e c t i o n  o f  b a s i l a r  membrane d isp la c e m e n t .  Each 3150-Hz p u lse  had 
a d u ra t io n  o f  approx im ate ly  one m i l l i s e c o n d .  The p o s i t io n  o f  the  b a s i l a r  
membrane was c o n t ro l l e d  by an on-go ing , lo w - le v e l ,  50-Hz s in u s o i d . % The
^According to  Deatherage and Henderson, the  condensation  a s s o c i ­
a te d  w ith  a 50-Hz s in u s o id  moves the b a s i l a r  membrane in  an i n f e r i o r  d i ­
r e c t i o n  and th e  r a r e f a c t i o n  a s s o c ia te d  w ith  a 50-Hz s in u so id  moves the  
b a s i l a r  membrane in  a su p e r io r  d i r e c t i o n .  Although they d id  n o t  o f f e r  
suppo rt  f o r  t h i s  c o n te n t io n ,  Bekesy (1947) showed th a t ,  excep t fo r  the  
most a p i c a l  p o r t i o n ,  th e  e n t i r e  b a s i l a r  membrane v ib r a t e s  in  t h i s  manner 
fo r  s ig n a l s  o f  50 Hz o r  l e s s .
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tone p ips  were p re se n te d  a t  v a ry in g  phase ang les  of the  50-Hz s in u s o id .  
C onsequently , the  in v e s t ig a t o r s  were ab le  to  s t i p u l a t e  the p o s i t i o n  of 
the  b a s i l a r  membrane du r in g  each p ip  p r e s e n ta t io n .
P r io r  to  each o f  th r e e ,  tw o - a l t e r n a t iv e  fo rced -ch o ice  e x p e r i ­
m ents , the  o b s e r v e r s ’ d e t e c t a b i l i t y  scores  fo r  th e  p ip s ,  w ithou t the on­
going 50-Hz tone ,  were o b ta in e d .  The l e v e l  o f  the  p ip  p r e s e n ta t io n s  was 
a d ju s te d  u n t i l  each ob se rv e r  o b ta in ed  an 85 per  cen t  (%) c o r r e c t  score 
which was con s id e red  the  r e f e r e n c e  c o n d i t io n .  The th r e e  experim ents were 
then run in  the  p resen ce  o f  the  on-go ing , lo w - le v e l , ’ 50-Hz s in u s o id  w ith  
the  le v e l  o f  the p ip s  equa l to  t h a t  of the  r e f e r e n c e  c o n d i t io n .  The in -  ; 
v e s t i g a t o r s  d id  n o t  s t a t e  whether or not a c o n t ro l  co n d it io n  was run fo r  
comparison purposes  fo llow ing  the  experim en ta l c o n d i t io n s .  Furtherm ore , 
they  did  no t  s t a t e  th e  k ind  o f  earphone used no t  d id  they d i s c u s s  the 
s t a b i l i t y  o f  t h e i r  equipment.
In Experiment One, the  50-Hz s in u s o id  was ad ju s ted  to  20 dB SL. 
D e t e c t a b i l i t y  fo r  the  tone  p ip s  was then measured a t  v a r io u s  phase ang les  
o f  t h a t  on-going tone and a l l  per cen t c o r r e c t  sco res  were compared w ith  
the  sco res  a t  the 0° phase a n g l e .3 This rev ea led  th a t  the mean d e t e c t a ­
b i l i t y  sco re  for th e  two ob se rv e rs  v a r ie d  by about +2.2%. The maximum 
.sco re s  occurred  a t  phase ang les  from 90° to  120°, i . e . ,  when the  b a s i l a r  
membrane was in a downward p o s i t i o n .  The minimum s c o re s  occurred  a t  
phase ang les  from 270° to  33Q0, i . e . ,  when th e  b a s i l a r  membrane was in  
an upward p o s i t i o n .
The 50-Hz s in u s o id  was s e t  a t  20, -5 ,  and -90 dB SL in Experiment
^The 0° phase ang le  was assumed to  be the  p o in t  a t which no d i s ­
placement o f  the b a s i l a r  membrane occu rred .
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Two. At each l e v e l  th e  tone p ip s  were p re sen te d  a t  0 ° ,  90°, and 270° 
r e l a t i v e  to  ( r e )  the  on-go ing  50-Hz s in u s o id .  The r e s u l t s  fo r  the  l a t t e r  
two p h ase -an g le  t r e a tm e n ts  were compared w ith  the  r e s u l t s  fo r  the  0° 
t r e a tm e n t .  For the -90-dB SL c o n d i t io n ,  th e re  were no d i f f e r e n c e s  in  de­
t e c t a b i l i t y  sco res  among the  p h ase -an g le  t r e a tm e n ts .  This in d ic a te d  th a t  
such an on-going  s in u s o id  had th e  same e f f e c t  as  no on-going s in u s o id .
During the  20-dB SL c o n d i t io n ,  th e re  were d i f f e r e n c e s  in  d e t e c t a ­
b i l i t y  sc o re s  among the  p h ase -an g le  t r e a tm e n ts .  The 90° t rea tm e n t p ro ­
duced a mean increm ent ( s e n s i t i z a t i o n )  o f  5.70% and the  270° trea tm e n t  
produced a  mean decrement ( d e s e n s i t i z a t i o n )  o f  -2.03%.
For th e  -5-dB SL c o n d i t io n ,  th e re  were d i f f e r e n c e s  in  d e t e c t a ­
b i l i t y  s c o re s  among p h a se -a n g le  t r e a tm e n ts ,  a l s o .  The mean s e n s i t i z a t i o n  
e f f e c t  fo r  th e  90° t r e a tm e n t  was 6.98%, approx im ate ly  1.25% g r e a t e r  than 
i t  was in  the  20-dB SL c o n d i t io n .  The mean d e s e n s i t i z a t i o n  e f f e c t  fo r  the 
270° t rea tm e n t was -2.65%, approx im ate ly  0.60% g r e a t e r  than i t  was in  the 
20-dB SL c o n d i t io n .
Experiment Three exp lo red  the  e f f e c t s  o f  th e  -5-dB SL s in u s o id  
in  more d e t a i l .  The p ip s  were p re se n te d  a t  every  45° o f  the  on-going 
s in u s o id .  The g r e a t e s t  s e n s i t i z a t i o n  (ap p rox im ate ly  6.80%) o ccu rred  a t  
the  90° phase an g le .  The g r e a t e s t  d e s e n s i t i z a t i o n  (app rox im ate ly  -2.90%) 
occu rred  a t  th e  270° phase  an g le .
The r e s u l t s  o f  D eatherage and H enderson 's  s tudy  support  t h e i r  
s t a t e d  h y p o th e s i s .  In a d d i t io n ,  t h e i r  r e s u l t s  i n d i c a t e  t h a t  an in a u d ib le  
50-Hz s in u s o id  s e t  a t  -5  dB SL can lead  to  s e n s i t i z a t i o n  or d e s e n s i t i z a ­
t i o n  to  th e  tone p ip s ,  depending upon the  phase ang le  o f  the  tone p ip s  
r e  the  on-going  s in u s o id .  The two in v e s t i g a t o r s  concluded t h e i r  s tudy  by 
s t a t i n g  t h a t  a downward movement o f  th e  b a s i l a r  membrane may induce a
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s t a t e  o f  h y p e r s e n s i t i v i t y  in  the n e u ra l  e lem en ts ,  thus  prim ing those  
n e u ra l  e lem en ts  fo r  f i r i n g  d u r in g  the subsequen t upward movement o f  the 
b a s i l a r  membrane. Although they  d id  n o t  s p e c u la te  upon the  cause  o f  the 
d e s e n s i t i z a t i o n ,  th e  in f e r e n c e  i s  th a t  an upward movement o f  th e  b a s i l a r  
membrane induces  a s t a t e  o f  h y p o s e n s i t i v i t y  in  the  n e u ra l  e lem en ts ,  thus 
reduc ing  th e  f i r i n g  o f  th o se  n e u ra l  e lem en ts .
D eatherage  and Henderson in v e s t ig a t e d  s e n s i t i z a t i o n  in  a d i f f e r ­
en t  manner than  Hughes (1940),  but in  th e  two i n v e s t ig a t io n s  i t  was demon­
s t r a t e d  t h a t  s e n s i t i z a t i o n  fo r  one s ig n a l  can occur i n  th e  p resence  of
ano ther  on-go ing  su b l im in a l  s i g n a l .  Whereas Hughes d id  n o t  dem onstra te  
the  p re sen ce  o f  s e n s i t i z a t i o n  d u r in g  an on-going  s u p ra l im in a l  tone ,  
D eatherage and Henderson d id ,  a lthough  th e  degree o f  s e n s i t i z a t i o n  was 
somewhat l e s s  than  i t  was in  th e  p resence  o f  the  s u b l im in a l  to n e .
D iscussion
The a u th o rs  o f  the  p reced in g  b e h a v io ra l  s tu d i e s  p re se n te d  two 
e x p la n a t io n s  fo r  s e n s i t i z a t i o n  and one e x p la n a t io n  fo r  d e s e n s i t i z a t i o n  
o f  the  a u d i to ry  system to  one a c o u s t ic  s i g n a l  in  th e  p resence  o f  an on­
going , lo w - le v e l  s in u s o id  in  th e  same e a r .  For th e  s e n s i t i z a t i o n  e f f e c t s ,  
Hughes (1940) proposed the  mechanism o f  n e u r a l  summation w h ile  D eatherage 
and Henderson (1967) su g g es ted  th a t  b a s i l a r  membrane movement was re s p o n ­
s i b l e  f o r  th e  s e n s i t i v i t y  changes. For th e  d e s e n s i t i z a t i o n  e f f e c t s ,  Wegel 
and Lane (1924), Ehmer (1959), and D eatherage and Henderson (1967) p ro ­
posed th e  mechanism o f  b a s i l a r  membrane movement. Although none o f  th e se
au th o rs  su g g es ted  the  p o s s i b i l i t y  o f  n e u r a l  i n h i b i t i o n  o f  one th re s h o ld  
s tim u lus  by an o th e r  on -go ing , lo w - lev e l  s t im u lu s  as  a mechanism fo r  de ­
s e n s i t i z a t i o n ,  some n eu ro p h y s io lo g ic  s tu d ie s  on an im als  su g g es t  t h a t
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p o s s i b i l i t y  (W h i t f ie ld ,  1967, 77-79; 124-154). The purpose o f  t h i s  d i s ­
c u s s io n  i s  to  e v a lu a te  th e  r o l e  o f  these  mechanisms as p o s s ib le  m e d ia to rs  
of a u d i to ry  s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  d u r in g  monotic s t im u la t io n .
The r o l e  o f  n e u r a l  i n t e r a c t i o n . In a s tu d y  o f  c a t s ,  D erbysh ire  
and Davis (1935) examined c o c h le a r  p o t e n t i a l s  and e ig h th -n e rv e -a c t io n  
p o t e n t i a l s  for lo w - lev e l  c l i c k s  i n  the  p resence  o f  lo w - le v e l ,  on-going 
s in u s o id s .  The co ch lea r  r e s p o n se s  showed a sim ple summation o f  th e  e l e c ­
t r i c a l  waves produced s e p a r a t e ly  by th e  two s t im u l i  bu t  the a c t io n  po­
t e n t i a l s  a s s o c ia te d  w ith  the  c l i c k s  decreased  in  s i z e  whenever the  on­
go ing  s inuso id  was added. S im i la r  r e s u l t s  were o b ta in e d  by Galambos and 
D avis  (1943) who found t h a t  an on-going tone  which was h ig h e r  in  frequency  
than  the  t e s t  tone was th e  most e f f e c t i v e  i n h i b i t o r .  They s t a t e d ,  however, 
t h a t  on-going to n e s  of lower frequency  than the  t e s t  tones a l s o  could p ro ­
duce i n h i b i t i o n .  In  a d d i t io n ,  w i th  the  t e s t  s ig n a l  p resen ted  a t  v a r io u s  
phase angles  o f  the  on-going s i g n a l ,  Galambos and Davis found d i f f e r e n t i a l  
e f f e c t s  in  the s i z e  of th e  a c t io n  p o t e n t i a l s  bu t n o t  in  the s i z e  o f  the  
c o c h le a r  p o t e n t i a l s .  They d id  n o t  s t a t e  how much phase change th ey  i n t r o ­
duced nor did they  s t i p u l a t e  what the magnitude o f  th e  observed changes 
w ere.
The f a c t  t h a t  bo th  o f  th e  above s tu d ie s  dem onstra ted  d e s e n s i t i ­
z a t i o n  in the e ig h th  n e rv e  bu t n o t  in the  coch lea  suggested  t h a t  some 
k ind  o f  n eu ra l  d e s e n s i t i z a t i o n  took  p lace  d u r in g  th e  p r e s e n ta t io n  o f  the  
two lo w -lev e l  s t i m u l i .  These f in d in g s  have been supported  by more r e c e n t  
r e s e a r c h  bu t th e  a c tu a l  mechanism r e s p o n s ib le  fo r  d e s e n s i t i z a t i o n  in  th e  
a u d i to r y  nerve s t i l l  i s  unknown (W h i t f ie ld ,  1967, 61-62).  A lthough i t  i s  
known th a t  e l e c t r i c a l  s t im u la t io n  of the  c ro ssed  and uncrossed  o liv o co ch ­
l e a r  e f f e r e n t  f i b e r s ,  as  w e l l  as  e l e c t r i c a l  s t im u la t io n  o f  th e  r e t i c u l a r
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fo rm ation  f i b e r s ,  can lead  to  d e s e n s i t i z a t i o n  o f  a g iven  lo w -leve l 
a u d i to r y  s ig n a l ,  i t  i s  n o t  known i f  th a t  i s  what o ccu rs  du ring  mon­
o t i c  s t im u la t io n  (Fex, 1967; W h i t f ie ld ,  1967, 77 -79).
A f te r  rev iew ing  the  p h y s io lo g ic  f in d in g s  in  a u d i t io n ,  Davis 
(1951) concluded th a t  e l e c t r i c a l  summation o f  two s i g n a l s  had never been 
observed in  a f f e r e n t - n e r v e - f i b e r  p o t e n t i a l s  when i t  had n o t  been observed 
a l s o  in  coch lear  p o t e n t i a l s .  According to  Fex (1967),  th e re  i s  no sub­
s t a n t i a l  ev idence th a t  s t im u la t io n  o f  e f f e r e n t  a u d i to r y  f ib e r s  leads to  
s e n s i t i z a t i o n .
The presence  of a d re n e rg ic  f i b e r s  in  the  a u d i to r y  system was 
s u b s t a n t i a t e d  by the  anatom ic f in d in g s  o f  Spoendlin and L ic h te n s te ig e r
(1966). Other anatom ic r e s e a r c h  by Nomura and Schuknecht (1965), Amaro, 
Guth and W anderlinder (1966), and I s h i i ,  Murakami and Balogh (1967), has 
in d ic a te d  t h a t  some e f f e r e n t  a u d i to ry  f ib e r s  may be c h o l in e r g ic  in  th e i r  
e l e c t ro c h e m ic a l - t r a n s m is s io n  c h a r a c t e r i s t i c s .  A ccording to  W hitf ie ld  
(1967, 136-141) bo th  a d re n e rg ic  and c h o l in e rg ic  e f f e r e n t  a u d i to ry  f ib e r s  
have been d iscovered  w hich, upon e l e c t r i c a l  s t im u la t io n ,  lead  to  enhance­
ment of the e l e c t r i c a l  re sp o n se  to  on-going p e r ip h e r a l  s ig n a l s .  I t  i s  
n o t  known i f  t h i s  e f f e c t  occu rs  d u r in g  monotic a c o u s t i c  s t im u la t io n ,  
however.
On the  b a s i s  o f  th e  above in fo rm a tio n ,  i t  ap p ea rs  th a t  some form 
o f  n e u ra l  i n h i b i t i o n  can lead  to  the  d e s e n s i t i z a t i o n  o f  th e  system to one 
lo w - le v e l  s ig n a l  in  th e  p re sen ce  o f  ano ther  lo w - le v e l  s ig n a l  d u r in g  mon­
o t i c  p r e s e n ta t io n s  o f  th o se  s ig n a l s .  The a c tu a l  n e u r a l  mechanism respon­
s i b l e  fo r  t h i s  i s  unknown b u t  th e re  i s  evidence to  s u g g e s t  th a t  s t im u la ­
t i o n  o f  some e f f e r e n t  a u d i to r y  f i b e r s  can lead  to  d ec re a se d  s e n s i t i v i t y  
to  on-going a u d i to ry  s i g n a l s .  Whether the  on -go ing , lo w - le v e l  s ig n a l  can
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s t im u la te  th e s e  e f f e r e n t  a u d i to ry  f i b e r s  and d ec rease  the  response to 
ano ther  lo w -lev e l  a u d i to ry  s ig n a l  i s  unknown.
There is  no d i r e c t  ev idence  o f  n e u ra l  i n t e r a c t io n  leading  to 
a u d i to ry  s e n s i t i z a t i o n  to  one lo w - le v e l  s ig n a l  in  the p resence  of a n ­
o th e r  lo w - le v e l  s ig n a l  when the  two s ig n a l s  a re  p resen ted  m o n o tica l ly .  
However, r e c e n t  ph y s io lo g ic  s tu d i e s  su g g es t  t h a t  s t im u la t io n  o f  some 
e f f e r e n t  a u d i to ry  f i b e r s  can lead  to  s e n s i t i z a t i o n  o f  th e  system to  on­
going  a u d i to ry  s ig n a ls .  Whether such on-going s ig n a ls  can s t im u la te  
th o se  e f f e r e n t  aud ito ry  f ib e r s  and enhance the  response to  another in ­
coming a u d i to ry  s ig n a l  i s  unknown.
The r o le  o f  the  b a s i l a r  membrane. D iscuss ions  by Bekesy (1960, 
403-634) r e l a t i v e  to  h i s  s tu d ie s  o f  co ch lea r  specimens and coch lear  models 
over a p e r io d  o f  almost 40 y e a r s ,  se rv e  as  a background fo r  t h i s  d i s c u s ­
s io n .  In g e n e ra l ,  Bekesy 's  s tu d ie s  re v e a le d  the  p resence o f  a p re s su re  
wave which moved toward the h e l ic o tre m a  fo llo w in g  the f o o tp l a te  d i s p la c e ­
ment a s s o c ia te d  with a m o d e ra te - le v e l  or h ig h - l e v e l  a u d i to ry  s ig n a l .  This 
p re s s u re  wave produced a p re s su re  d i f f e r e n c e  between th e  v e s t ib u la r  and 
tympanic s c a la e  which, i n  tu rn ,  caused a’ t r a n s v e r s e  wave in  the b a s i l a r  
membrane. T h is  wave t r a v e le d  from the base to  the  apex o f  th e  b a s i l a r  
membrane, th e  maximum am plitude ap p ea r in g  a t  a p lace  on the  membrane which 
re so n a te d  b e s t  to  a p a r t i c u l a r  in p u t  f requency . As mentioned p re v io u s ly ,  
B ekesy 's  s tu d i e s  showed th a t  fo r  an in p u t  s ig n a l  o f  50 Hz o r  le s s ,  a lm ost 
th e  e n t i r e  b a s i l a r  membrane v ib r a t e d  in  phase . For h ig h e r  frequency i n ­
p u t s ,  the b a s i l a r  membrane v ib r a t e d  seg m en ta lly ,  some p a r t s  moving down­
ward and o th e r  p a r ts  moving upward.
In h i s  s tu d ie s  w ith  s im u l ta n e o u s ly  p resen te d  s i g n a l s ,  Bekesy ob­
se rved  a decreased  b a s i l a r  membrane response  to  a m o d e ra te - lev e l  pu lse  in
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the. p resence  o f  an o th e r  m o d e ra te - lev e l  s ig n a l  when compared Io the l i a s i la r  
membrane re sp o n se  to  the  pu lse  a lo n e ,  lie be lieved  th a t  some n e u ra l  l i b e r s  
which norm ally  t r a n s m i t  the  im pulses a s so c ia te d  w ith the p u lse  a lone  be­
come s t im u la te d  by th e  on-going s ig n a l  when both s ig n a l s  a re  p re s e n te d ,  
e s p e c i a l l y  i f  the  two s ig n a ls  s t im u la t e  the  same g en e ra l  a rea  o f  the  b a s i ­
l a r  membrane. Thus, the  t o t a l  number of n e u ra l  f i b e r s  re spond ing  to  the 
b r i e f  s t i m u l i  a re  reduced .  This combination of m echanical and n e u ra l  
e f f e c t s  le a d s  to  a d e s e n s i t i z a t i o n  o f  the  system to  the  pu lsed  s ig n a l .  
Bekesy d id  n o t  s t a t e  whether he b e l ie v e d  th a t  the same e f f e c t s  occur fo r  
lo w - le v e l  s i g n a l s .  Only i f  one assumes t h a t  sim ultaneous lo w - le v e l  s i g ­
n a l s  a f f e c t  the  b a s i l a r  membrane in  the  same way, can B ekesy 's  ob se rv a ­
t i o n s  be co n s id e re d  su p p o r t iv e  o f  th e  d e s e n s i t i z a t i o n  f in d in g s  o f  Wegel 
and Lane (1924) and Ehmer (1959).
Peake and Klang (1962) observed th a t  the  a c t io n  p o t e n t i a l s  from 
the  e ig h th  c r a n i a l  n e rv e  o f  c a t s  had la rg e r  am plitudes fo r  m o d e ra te - lev e l  
condensa t ion  c l i c k s  than  fo r  co rrespond ing  r a r e f a c t i o n  c l i c k s .  They a lso  
observed t h a t  the  a c t io n  p o t e n t i a l  occurred  only d u r in g  upward movement 
o f  th e  b a s i l a r  membrane, r e g a rd le s s  o f  whether an i n i t i a l  condensa tion  or 
r a r e f a c t i o n  was r e s p o n s ib le  fo r  t h a t  movement. D eatherage and Henderson 
(1967) found s e n s i t i z a t i o n  e f f e c t s  to  low -leve l  tone p ip s  when they  were 
p re sen te d  d u r in g  the  condensa tion  pe r iod  o f  the 50-Hz tone .  The l a t t e r  
au th o rs  examined t h e i r  r e s u l t s  in  view o f  the  former a u th o r s '  o b s e rv a t io n s  
and i n t e r p r e t e d  them to  mean t h a t  th e  n e u ra l  e lem ents on th e  b a s i l a r  mem­
brane  were s e n s i t i z e d  d u r in g  the  downward excu rs ion  o f  th e  membrane in  
such a way t h a t  they  y ie ld e d  a g r e a t e r  o u tp u t  on the  ensu ing  upward ex­
c u rs io n  o f  th e  membrane. In a d d i t i o n ,  Deatherage and Henderson found de­
s e n s i t i z a t i o n  e f f e c t s  to  the  lo w - le v e l  p ip s  when they were p re se n te d
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d u r in g  the  r a r e f a c t i o n  p e r io d .  They in f e r r e d  th a t  an upward movement of 
the  b a s i l a r  membrane induces a s t a t e  o f  h y p o s e n s i t i v i t y  in  th e  n e u r a l  
e lem en ts ,  th u s  reduc ing  the  f i r i n g  o f  those  n e u ra l  e lem ents  d u r in g  a 
g iven  r a r e f a c t i o n .
The above o b s e rv a t io n s ,  f i n d i n g s ,  h y p o th eses ,  and in f e r e n c e s  by 
Peake and Klang (1962) and D eatherage and Henderson (1967) su g g e s t  t h a t  
the  movement o f  the  b a s i l a r  membrane may a c t u a l l y  lead  to  s e n s i t i z a t i o n  
or d e s e n s i t i z a t i o n  o f  the  a u d i to ry  system  to  one lo w - le v e l  s i g n a l  in  the 
p resen ce  o f  ano th e r  lo w - lev e l  s i g n a l ,  depending upon th e  phase r e l a t i o n -  
sh ip  o f  th o s e  two s i g n a l s .  This su g g e s t io n  in  no way r e f u t e s  B ek esy 's  
o b s e rv a t io n s  or th e o r i e s  because th e  l a t t e r  i n v e s t i g a t o r  r e q u i r e d  
m o d e ra te - l e v e l  in p u ts  in  o rder  to  o b se rv e ,  d i r e c t l y ,  the  movements and 
a c t io n s  o f  the  b a s i l a r  membrane in  re sp o n se  to  s im ultaneous  sounds.
The e x ac t  m echanical a l t e r a t i o n s  o f  th e  b a s i l a r  membrane th a t  
occur d u r in g  lo w - le v e l  s t im u la t io n  a r e  only  p a r t i a l l y  u n d e rs to o d  a t  t h i s  
tim e . I t  i s  v e ry  l i k e l y  th a t  b a s i l a r  membrane movement i s  much d i f f e r e n t  
in  the  p re s e n c e  of m o d e ra te - lev e l  s ig n a l s  than in  the  p re sen ce  o f  low- 
l e v e l  s i g n a l s .  Thus, th e  e f f e c t s  o f  b a s i l a r  membrane movement upon o th e r  
in p u t  s i g n a l s  p robab ly  depend upon th e  i n t e n s i t y  o f  the  o r i g i n a l  s ig n a l .  
F u r th e r  n e u ro p h y s io lo g ic  and b e h a v io ra l  i n v e s t i g a t io n s  o f  s e n s i t i z a t i o n  
and d e s e n s i t i z a t i o n  o f  th e  au d i to ry  system  to  one lo w - le v e l  s i g n a l  in  the  
p resen ce  o f  an o th e r  lo w - le v e l  s ig n a l  and f u r t h e r  m icroscop ic  s t u d i e s  o f  
c o c h le a r  specimens and coch lear  models du ring  such s t im u la t io n  a r e  i n d i ­
c a ted  .
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D ic h o t ic  P re s e n ta t io n s  
R e s u l t s  of B ehav io ra l S tu d ie s
Wegel and Lane (1924) were the f i r s t  r e s e a rc h e r s  who used quan­
t i t a t i v e  methods to  i n v e s t i g a t e  the in f lu e n c e  o f  an on -g o in g ,  low -leve l 
s in u s o id  upon th e  th r e s h o ld  o f  a d i f f e r e n t  s i g n a l  when th e  two s ig n a l s  
were p re se n te d  d i c h o t i c a l l y . Although they  found evidence o f  a c e n t r a l  
masking e f f e c t ^  in  the  p resen ce  of an on-go ing , h ig h - l e v e l  s in u so id  in  
th e  o p p o s i te  e a r ,  t h e i r  r e s u l t s  show no ev idence  o f  t h i s  e f f e c t  in  the 
p resen ce  o f  an on -g o in g ,  lo w -lev e l  s in u so id  in  th e  o p p o s i te  e a r .  Wegel 
and Lane d id  s t a t e ,  however, th a t  c e n t r a l  masking i s  p rob ab ly  always 
p re s e n t  to  some d eg ree  d u r in g  a l l  b i l a t e r a l  s t im u la t io n .
Using the  same g e n e ra l  procedure  as he d id  in  h i s  monotic i n ­
v e s t i g a t i o n s  d e s c r ib e d  e a r l i e r ,  Hughes (1938) measured th e  amount o f  
th re s h o ld  improvement fo r  one s ig n a l  in  the  p resence  o f  a su b lim in a l  
s in u s o id  in  the  o p p o s i te  e a r .  He conducted a s e r i e s  o f  such experiments 
w ith  one o b s e rv e r .  S e v e ra l  t e s t  tones were ev a lu a ted  in the  presence o f  
v a r io u s  su b l im in a l  to n e s .  There were many r e p e t i t i o n s  o f  each t e s t  tone 
and su b l im in a l  tone  com bination . The s u b l im in a l  s in u so id s  were p resen ted  
from 2 .3  dB to  6 .0  dB below th re s h o ld .
Hughes found t h a t  improvements in  th re sh o ld  o ccu rred  in  the  p r e s ­
ence o f  a l l  s u b l im in a l  tones  p resen ted  to  the  o p p o s ite  e a r ,  r e g a rd le s s  o f  
th e  frequency and l e v e l  com binations u t i l i z e d .  The mean improvements in 
th re s h o ld  a c ro s s  a l l  su b l im in a l  tone com binations were 2 .8 2  dB when the
^Wegel and Lane d e sc r ib e d  c e n t r a l  masking as a s l i g h t  worsening 
in  th re s h o ld  fo r  one ear  r e s u l t i n g  from a c o n f l i c t  of s e n s a t io n s  in  the 
b r a in  caused by th e  p resen ce  of a u d i to ry  s ig n a l s  in  both e a r s .  Now i t  i s  
reg a rd ed  as an in c r e a s e  in  th re sh o ld  fo r  an a u d i to ry  s i g n a l  in  one ea r  
which cannot be e x p la in e d  by p e r ip h e r a l  masking when a n o th e r  s ig n a l  i s  
p re se n te d  to  the  o p p o s i te  e a r .
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on-going s in u so id  was s e t  a t  -3  dB SL, 2 .19 dB when s e t  a t  -4 dB SL,
1.65 dB when s e t  a t  -5  dB SL, and 1.20 dB when s e t  a t  -6  dB SL. Hughes 
concluded t h a t  th re s h o ld  fo r  one tone always improves in  th e  presence  o f  
a su b lim in a l  tone in  th e  o p p o s i te  e a r ,  r e g a r d l e s s  of th e  frequency  o f  the 
sub lim ina l  to n e .  He exp la ined  t h i s  phenomenon by s t a t i n g  th a t  n e u ra l  
summation occurred  in  the c e n t r a l  nervous system d u r in g  such s t im u la t io n .
In a l a t e r  s tu d y ,  Hughes (1940) in v e s t ig a t e d  the  e f f e c t  o f  an 
a u d ib le ,  on -go ing , lo w - le v e l  to n e  on the  th re s h o ld  o f  a d i f f e r e n t  tone 
p resen te d  to  the o p p o s i te  e a r .  Once ag a in ,  experim ents  were conducted 
w ith  one obse rv e r  and v a r io u s  t e s t  tone and on-going tone combinations 
were s tu d ie d .  The a u d ib le ,  on-going , lo w -lev e l  tones were p re sen te d  a t  
2, 3, 5, 7, 10, and 15 dB SL. In  no case was an a p p re c ia b le  change in 
th re sh o ld  n o te d .  The mean changes ac ro ss  frequency  and l e v e l  combina­
t io n s  were + 1 .0  dB or l e s s .  On the  b a s i s  o f  th e se  f in d in g s ,  Hughes con­
cluded th a t  no improvement in  th e  th re s h o ld  fo r  one tone  occurs  in  the 
p resence  of a d i f f e r e n t ,  on -go ing , a u d ib le ,  lo w - le v e l  s in u so id  in  the 
o p p o s i te  e a r ,  r e g a r d l e s s  o f  frequency . He s t a t e d  t h a t  a d i f f e r e n t  mech­
anism comes in to  p la y  in  th e  p resence  o f  an a u d ib le  lo w - le v e l  s in u so id  
p resen ted  c o n t r a l a t e r a l l y  than in  th e  presence  o f  a  su b l im in a l  lo w -lev e l  
s in u so id  p re sen te d  c o n t r a l a t e r a l l y .  He d id  no t s p e c u la te  upon what th a t  
mechanism might be, however.
Hughes' ex p e r im en ta l  p rocedures  were e s s e n t i a l l y  th e  same as 
those  used in  h i s  monotic i n v e s t ig a t io n s  excep t t h a t  on ly  one observer 
was used and the  two earphones went to  s e p a ra te  e a r s  r a t h e r  than  to  a 
box held  a g a in s t  one e a r .  Some o f  the  c r i t i c i s m s  ex p ressed  p rev io u s ly  
app ly  here as w e l l .  T hresholds  fo r  th e  t e s t  tone a lone  were always 
taken f i r s t  and th re s h o ld s  fo r  th e  t e s t  tone in  the  p resence  o f  the
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on-going s in u s o id  were always taUen second. Althoiigli the n o n - te s t  tone 
was always on -go ing ,  sometimes the t e s t  tone was p u lsed  while a t  other 
tim es i t  was c o n tin u o u s .  The p re s e n ta t io n s  were n o t  balanced  fo r  o rder .  
The psychophysica l method or methods used to  o b ta in  th re s h o ld s  were not 
s p e c i f i e d .  In  v iew  o f  the  small d i f f e r e n c e s  noted  among the sco re s  for 
. the v a r io u s  ex p er im en ta l  t r e a tm e n ts ,  th e re  i s  some q u e s t io n  whether these  
d i f f e r e n c e s  were due to  trea tm en t or whether they  r e s u l t e d  from the  ex­
p e r im en ta l  p rocedu re .
In h i s  study  o f  i n t e r a u r a l  a t t e n u a t io n ,  Z w is lock i  (1953) noted 
th a t  the p resen ce  o f  h ig h - l e v e l  s t im u l i  in  the  n o n - t e s t  ear  led  to  both 
c e n t r a l  and p e r ip h e r a l  masking of a tone in  th e  t e s t  e a r .  His f in d in g s  
suggested  th a t  a t  such h igh  le v e l s  the s ig n a l  in  the  n o n - te s t  e a r  stim u­
la te d  the  co ch lea  o f  th e  t e s t  ear  by t r a v e l in g  through the  head by bone 
conduction , c au s in g  p e r ip h e ra l  masking of the  t e s t  s i g n a l .  In a d d i t io n ,  
h i s  f in d in g s  suggested  t h a t  the  s ig n a ls  in the  two e a r s  led to  some kind 
o f  n e u ra l  i n t e r a c t i o n  which caused a d d i t io n a l  c e n t r a l  masking amounting 
to  a few dB more than could be accounted fo r  by p e r ip h e r a l  masking. 
Zw islocki a l s o  s tu d ie d  the  e f f e c t  of a lo w -lev e l  tone in  the c o n t ra ­
l a t e r a l  ea r  on t h r e s h o ld .  When compared to  th e  q u i e t  c o n d i t io n ,  the 
p resence  of a con tinuous  1000-Hz tone a t  20 dB SL d id  n o t  lead to  any 
change in  the th re s h o ld  of the  c o n t r a l a t e r a l  e a r .  These r e s u l t s  appear 
to  agree  w ith  th o se  of Wegel and Lane (1924) who found no evidence of 
c e n t r a l  masking in  the p resence  o f  low -lev e l  s t im u la t io n  in  the  c o n t ra ­
l a t e r a l  e a r .
Ingham (1957) s tu d ie d  the monaural th re s h o ld s  o f  48 normal-
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h ea r in g  o b se rv e rs  fo r  a 1000-Hz tone in  q u ie t  and in  th e  p resence of an 
on-going , 10-dB SL, 400-Hz tone in  the o p p o s i te  e a r .  He found th a t  the
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l a t t e r  c o n d i t io n  caused a s l i g h t  in c re a s e  in  th re sh o ld  fo r  the t e s t  tone .  
He a t t r i b u t e d  t h i s  worsening in th re s h o ld  to  c e n t r a l  in h i b i t i o n  or cen­
t r a l  c o n t ro l  o f  th e  senso ry  end o rgan .
Although s e v e ra l  c e n t r a l  masking s tu d ie s  have been completed 
in  the 1 9 6 0 's ,  most o f  them have u t i l i z e d  maskers which e i t h e r  were mod­
e r a t e  to  h igh  in  le v e l  or were n o t  on -go ing  s in u s o id s .  Z w islock i e t  a l .
(1967) p u b lish e d  the  r e s u l t s  of c e n t r a l  masking s tu d ie s  which had taken 
p lace  over s e v e r a l  y e a rs .  Two o f  th o s e  s tu d i e s  in v e s t ig a te d  th re s h o ld s  
fo r  tone p u ls e s  in  the p resen ce  o f  on -go ing ,  lo w - lev e l  s in u so id s  in  the 
c o n t r a l a t e r a l  e a r .  In one o f  the  s t u d i e s  the au th o rs  had one observer  
de term ine h i s  own th re sh o ld  by the  method of ad ju stm en t.  They found ap­
p rox im ate ly  a 0 .9-dB e l e v a t i o n  in  th re s h o ld  fo r  a 1100-Hz pulsed  tone in  
the  p resence  o f  a 20-dB SL, 1000-Hz, on-going  tone in  th e  o p p o s ite  ear  
when compared to  th e  t e s t - t o n e - a l o n e  c o n d i t io n .  Thus, i t  appears  t h a t  
some degree  o f  d e s e n s i t i z a t i o n  was n o ted  in  t h a t  experim ent.
In  the  second s tudy  by Z w is lo ck i  e t  a l .  (1967), two o b se rv e rs  
tracked  t h e i r  th re s h o ld s  fo r  pu lsed  to n e s  over con tin u o u s ly  changing f r e ­
quencies  from 700-1500 Hz w ith  a B ekesy-type a t t e n u a t o r .  A 1000-Hz on­
going tone was p re sen te d  to  th e  o p p o s i te  e a r  a t  10 dB SL and a t  20 dB SL. 
In the  p resen ce  o f  the 10-dB SL tone ,  the  two o b se rv e rs  experienced  
changes in  th re s h o ld  o f  -0 .2  dB to  l . - l  dB fo r  f req u en c ie s  from 700-900 Hz 
and 1100-1500 Hz.^ In th e  p resen ce  o f  the  20-dB SL tone , the  two ob­
s e rv e r s  ex p er ien ced  changes in  th r e s h o ld  o f  0 .1  dB to  2 .2  dB fo r  the  same
^The r e s u l t s  fo r  f r e q u e n c ie s  w i th in  +100 Hz of th e  on-going tone 
were re p o r te d  by Zw islocki e t  a l .  bu t a r e  no t  p re sen te d  h e re  because  b in ­
a u ra l  b e a ts  p robab ly  were r e s p o n s ib le  fo r  some o f the  r e s u l t s  o b ta in e d .  
The p re s e n t  s tudy  does n o t  c o n s id e r  b in a u r a l  b e a t s .
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f r e q u e n c ie s .  Thus, i t  appea rs  t h a t  a s l i g h t  deg ree  o f  d e s e n s i t i z a t i o n  
was noted  in  t h a t  experim en t.  Z w is lo c k i  e t  a l .  concluded th a t  c e n t r a l  
masking i s  h ig h ly  frequency  s e l e c t i v e ,  th e  th re sh o ld  s h i f t  be ing  maximal 
a t  or near  the f requency  o f  th e  masker and decaying r a p id l y  a t  lower and 
h ig h e r  f r e q u e n c ie s .  Throughout t h e i r  a r t i c l e ,  Zw islocki e t  a l .  im plied  
t h a t  c e n t r a l  masking i s  caused by s im ultaneous s t im u l i  from each ea r  
le a d in g  to  n e u r a l  e f f e c t s  in  th e  c e n t r a l  nervous system.
D isc u ss io n
The a u th o rs  o f  th e  b e h a v io ra l  s tu d ie s  reviewed above sugges ted  
t h a t  n e u ra l  i n t e r a c t i o n  i s  r e s p o n s ib l e  fo r  s e n s i t i z a t i o n  and d e s e n s i t i ­
z a t io n  o f  the  a u d i to r y  system to  one s ig n a l  in the  p resence  o f  an on­
go ing , lo w - le v e l ,  c o n t r a l a t e r a l  s in u s o id .  They im plied  th a t  o b se rve r  
homogeneity, i n s t r u c t i o n s  to  th e  o b s e rv e r s ,  s ig n a l  p r e s e n t a t i o n s ,  and the 
a b i l i t y  and m o tiv a t io n  o f  th e  o b s e rv e rs  to  perform the  ta sk  were con­
t r o l l e d .  The su g g e s t io n  o f  n e u r a l  i n t e r a c t io n  assumes the  e x i s t e n c e  o f  
neu roana tom ica l co n n ec tio n s  between the  two au d i to ry  system s, e i t h e r  
d i r e c t l y  or by way o f  common n e u r a l  networks in  the  c e n t r a l  nervous s y s ­
tem. In  a d d i t i o n ,  such a su g g e s t io n  assumes th a t  s t im u la t io n  o f  one 
a u d i to ry  system h as  a n e u ro p h y s io lo g ic  e f f e c t  upon the  o th e r  a u d i to ry  
system . The purpose  o f  t h i s  d i s c u s s io n  i s  to  e v a lu a te  th e se  assum ptions 
in  view o f neuroanatom ic and n e u ro p h y s io lo g ic  f in d in g s  and /o r  t h e o r i e s .
Neuroanatomic f a c t o r s . In  h i s  review of b in a u ra l  i n t e r a c t i o n ,  
D eatherage (1966) s t a t e d  t h a t  t h e r e  i s  ample evidence to  suppo rt  the  
e x i s t e n c e  o f  n e u r a l  connec tions  between th e  two e a rs  by way o f  the  cen ­
t r a l  nervous system . These c o n n e c t io n s  have been dem onstra ted  a t  a l l  
l e v e l s  o f  th e  a u d i to r y  system  from the  accesso ry  co c h le a r  nuc leus  to  the
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c o r te x .  The c o n n ec tio n s  in c lu d e  the e f f e r e n t  pathway from the c o r te x  to 
th e  c o n t r a l a t e r a l  coch lea  as r e p o r te d  by Rasmussen (1967),  the  r e t i c u l a r  
fo rm ation  pathways and t h e i r  connec tions  w ith  the  a u d i to ry  pathways as 
d is c u s s e d  by Hernandez-Peon (1961) and G o ld s te in  (1967),  th e  feedback sy s ­
tem o f  one c o ch lea  w ith  the  c o n t r a l a t e r a l  a u d i to ry  pathway as r e p o r te d  by 
Fex (1967),  and th e  h ig h  le v e l  b r a in  stem and c o r t i c a l  connec tions  as d i s ­
cussed  by Galambos (1954) and Gacek (1967). I t  i s  no t  th e  purpose o f  the 
p r e s e n t  i n v e s t i g a t i o n  to  t r a c e  each neuroanatom ic co n n ec tio n .  In  view o f 
th e  e v id en ce ,  i t  appea rs  th a t  any or a l l  o f  these  n e u r a l  conn ec tio n s  could 
a l lo w  fo r  i n t e r a c t i o n s  between th e  two e a r s .
N europhysio log ic  f a c t o r s . For some time i t  has  been known th a t  
a c t io n  p o t e n t i a l s  in  response  to  a s ig n a l  in  one ea r  can be enhanced or 
d ec re ase d  by th e  p re sen ce  of an o th e r  s ig n a l  in  the  o p p o s i te  ea r  (Ryan, 
1940). A ccording  to  D eatherage (1966), n e u ro p h y s io lo g ic  r e s e a r c h  by many 
i n v e s t i g a t o r s  has  shown th a t  i n t e r a c t i o n  between th e  e a r s  can be both 
e x c i t a t o r y  and i n h i b i t o r y  in n a t u r e .  I t  has  no t been p o s s i b le  to  s p e c ify  
th e  c o n d i t io n s  which produce th e s e  o p p o s i te  e f f e c t s  (Ingham, 1957; D eathe­
r a g e ,  1966). The n a tu re  o f  the e le c t ro c h e m ic a l  a c t i v i t y  in  the  f i b e r s  
a s s o c ia t e d  w i th  d i c h o t i c  s t im u la t io n  i s  e q u a l ly  undeterm ined (Fex, 1967). 
For th e s e  r e a s o n s ,  th e r e  are  no f u r th e r  d is c u s s io n s  o f  the  e lec tro ch em ­
i c a l  and n e u ro p h y s io lo g ic  f in d in g s  beyond those  a l re a d y  p re sen te d  in  the 
s e c t io n  o f  t h i s  c h a p te r  d e a l in g  w ith  monotic s t im u la t io n .
As no ted  e a r l i e r ,  some a u th o rs  have suggested  t h a t  phase changes 
between two lo w - le v e l  s ig n a l s  p re se n te d  m o n o t ica l ly  may le ad  to  n e u ra l  
e f f e c t s  which cause  s e n s i t i z a t i o n  or d e s e n s i t i z a t i o n .  The same may hold  
t r u e  fo r  d i c h o t i c  p r e s e n ta t io n s  o f  the  two s ig n a l s  b u t  t h i s  has n o t  been 
r e p o r te d  in  th e  l i t e r a t u r e .  Research i s  needed in  t h i s  a re a .
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Summary
In  t h i s  c h a p te r ,  the most p e r t i n e n t  b e h a v io ra l  i n v e s t ig a t i o n s  of 
s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  o f  the a u d i to ry  system to  one s ig n a l  in  
the  presence  o f  an on -go ing , lo w -lev e l  s in u so id  were rev iew ed. In a d d i ­
t i o n ,  the  r e s u l t s  o f  th e se  in v e s t ig a t io n s  were d iscu ssed  in  view of impor­
t a n t  anatomic and p h y s io lo g ic  f in d in g s  and /o r  t h e o r i e s .  The l i t e r a t u r e  
su g g es ts  t h a t  bo th  s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  to  one s ig n a l  can 
occur in  th e  p re sen ce  o f  ano ther  on-going , lo w - lev e l  s i g n a l .  Furtherm ore , 
the  l i t e r a t u r e  s u g g e s ts  t h a t  bo th  e f f e c t s  can occur when the  t e s t  and non­
t e s t  s ig n a l s  a r e  p re s e n te d  m o n o t ica l ly  or d i c h o t i c a l l y .
For m onotic p r e s e n t a t i o n s ,  i t  appears  th a t  s e n s i t i z a t i o n  to  the  
t e s t  s ig n a l  i s  more a p t  to  occur when the n o n - te s t  s i g n a l  i s  p re se n te d  a t  
a s l i g h t l y  su b l im in a l  l e v e l  than when i t  i s  p re sen te d  a t  a s l i g h t l y  s u p ra ­
l im in a l  l e v e l ,  a l though  some degree  of s e n s i t i z a t i o n  has been found in 
the l a t t e r  c a s e .  The l i t e r a t u r e  sugges ts  t h a t  the g r e a t e r  the  l e v e l  o f  
the s u p ra l im in a l  n o n - te s t  tone , the  g r e a te r  the  l ik e l ih o o d  of d e s e n s i t i ­
z a t io n  to  the  t e s t  to n e .  I t  appears  th a t  g r e a t e r  s e n s i t i z a t i o n  and g r e a t ­
e r  d e s e n s i t i z a t i o n  occur when th e  n o n - te s t  s ig n a l  i s  low in  frequency 
than when i t  i s  moderate or h igh  in  frequency . Recent r e s e a rc h  i n d i c a t e s  
th a t  th e  phase r e l a t i o n s h i p  o f  th e  two s ig n a l s  may be a very  im portan t 
de te rm inan t o f  w hether s e n s i t i z a t i o n  or d e s e n s i t i z a t i o n  to  the  t e s t  tone 
occurs .  I t  appears  t h a t  i f  a b r i e f  t e s t  s ig n a l  is  p re se n te d  a t  or near  
a 90° phase an g le  o f  an on-go ing , lo w - le v e l ,  low -frequency , n o n - t e s t  tone ,  
s e n s i t i z a t i o n  to  the  t e s t  s ig n a l  occurs .  However, i f  a b r i e f  t e s t  s i g n a l  
i s  p re sen te d  a t  or n ea r  a 270° phase angle o f  the n o n - t e s t  tone ,  d e s e n s i ­
t i z a t i o n  o ccu rs .
27
I t  i s  p o s s ib le  t h a t  both s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  occur 
as a r e s u l t  o f  n e u ra l  i n t e r a c t i o n  during  monotic p r e s e n ta t io n s  o f  the two 
s ig n a l s .  However, th e re  i s  l i t t l e  d i r e c t  neurophysio log ic  support fo r  
t h i s  c o n te n t io n .  I t  i s  a l so  p o s s ib le  th a t  both  phenomena occur as a r e ­
s u l t  of b a s i l a r  membrane movement during  monotic p r e s e n ta t io n s .  The 
mechanical a l t e r a t i o n s  o f  the b a s i l a r  membrane during  lo w -lev e l  s t im u la ­
t io n  are  no t  f u l l y  unders tood  bu t th e re  i s  some o b se rv a t io n a l  and n eu ro ­
ph y s io lo g ic  support fo r  th i s  c o n te n t io n .
For d ic h o t i c  p r e s e n ta t io n s ,  i t  appears  th a t  s e n s i t i z a t i o n  to  the  
t e s t  s ig n a l  only occurs when the n o n - te s t  s ig n a l  i s  p resen ted  a t  a sub­
l im in a l  l e v e l .  Whenever the  n o n - te s t  s ig n a l  has been p resen ted  a t  t h r e s h ­
o ld  or s u p ra l im in a l ly ,  e i t h e r  th e re  has  been no e f f e c t  upon th re s h o ld  fo r  
the  t e s t  tone in  the  o p p o s i te  ea r  or th e re  has been some degree  o f  d esen ­
s i t i z a t i o n  to  th a t  t e s t  tone . I t  appears th a t  g r e a te r  s e n s i t i z a t i o n  and 
d e s e n s i t i z a t i o n  occur when the  n o n - te s t  s ig n a l  i s  low in  frequency  than 
when i t  i s  moderate or h igh  in  frequency . I t  i s  no t known whether the  
phase r e l a t i o n s h ip  of th e  t e s t  s ig n a l  to  the n o n - te s t  s ig n a l  has a s e n ­
s i t i z a t i o n  and /o r  a d e s e n s i t i z a t i o n  e f f e c t  d u r ing  d ic h o t i c  s t im u la t io n .
The lack  of s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  d a ta  during  d ic h o t ic  s i g n a l  
d e te c t io n  ta sk s  has led  to  the  p re s e n t  experim enta l i n v e s t ig a t io n ,  th e  
des ign  of which i s  d isc u sse d  in  Chapter I I I .
R esearchers  ag ree  th a t  s e n s i t i z a t i o n  or d e s e n s i t i z a t i o n  e f f e c t s  
r e s u l t  from n e u ra l  i n t e r a c t i o n  o f  the impulses from the two s ig n a l s  when 
they are  p re sen te d  d i c h o t i c a l l y .  There i s  ample evidence to  support th e  
e x is te n c e  of n e u ra l  connec tions  between the  two e a rs  by way o f  the  c e n t r a l  
nervous system . N europhysio log ic  re s e a rc h  by many in v e s t ig a t o r s  has shown
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t h a t  i n t e r a c t i o n  between the two e a r s  can be bo th  e x c i t a t o r y  and in h i b ­
i t o r y  in  n a t u r e .  I t  has  n o t  been p o s s ib le  to  s p e c i fy  the  c o n d i t io n s  
which produce th e s e  o p p o s i te  e f f e c t s .
CHAPTER I I I  
DESIGN OF THE INVESTIGATION 
In t ro d u c t io n
The l i t e r a t u r e  review ed in  Chapter I I  in d i c a te s  th a t  d e t e c t a ­
b i l i t y  fo r  b r i e f  a c o u s t i c  p ip s  i s  in f lu en ced  by the phase r e l a t i o n s h i p  
of the p ip s  to  an on -go ing , lo w - le v e l ,  low-frequency s in u s o id  p re s e n te d  
to the same e a r .  A f te r  i n v e s t i g a t i n g  many phase r e l a t i o n s h ip s  fo r  such 
p r e s e n t a t i o n s ,  D eatherage  and Henderson (1967) found t h a t  a 90° phase 
r e l a t i o n s h i p  brought abou t the  g r e a t e s t  s e n s i t i z a t i o n  o f  the  a u d i to ry  
system to  th e  p ip s  w h ile  a 270° phase  r e l a t i o n s h i p  brought about the 
g r e a t e s t  d e s e n s i t i z a t i o n .  I t  has  been shown th a t  d e t e c t a b i l i t y  fo r  one 
s ig n a l  p re se n te d  a lone  i s  e i t h e r  enhanced or decreased when th a t  s i g n a l  
and a d i f f e r e n t ,  on -g o in g ,  lo w - le v e l  s in u s o id  a re  p resen ted  d i c h o t i c a l l y  
(Wegel and Lane, 1924; Hughes, 1938; Ingham, 1957; Z w islock i e t  a l . ,  
1967). I t  i s  n o t  known w hether th e  phase r e l a t i o n s h ip  between th e  t e s t  
and n o n - te s t  s ig n a l s  c o n t r i b u t e s  to  s e n s i t i z a t i o n  or d e s e n s i t i z a t i o n  
during  such d ic h o t i c  p r e s e n t a t i o n s .
The purpose o f  t h i s  s tudy  was to  in v e s t ig a t e  whether the phase  
r e l a t i o n s h i p  between two lo w - le v e l  s ig n a l s  c o n t r ib u te s  to  s e n s i t i z a t i o n  
and /o r  d e s e n s i t i z a t i o n  o f  th e  a u d i to ry  system to  one o f  those  s ig n a l s  
d u r in g  d i c h o t i c  s t im u la t io n .  The e f f e c t s  o f  an on-going , lo w -lev e l  50-Hz
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s in u s o id  upon d e t e c t a b i l i t y  f o r  b r i e f  a c o u s t ic  p ip s  p re se n te d  a t  90° and 
270° phase an g le s  o f  th e  50-Hz tone were s tu d ie d .  Because s e n s i t i z a t i o n  
and d e s e n s i t i z a t i o n  were observed  by o th e r  r e s e a rc h e r s  when such s ig n a l s  
were p re se n te d  m o n o t ic a l ly ,  an in v e s t i g a t io n  o f  the  amount o f  s e n s i t i z a ­
t io n  and d e s e n s i t i z a t i o n  a s s o c ia t e d  w ith  the  monotic and d ic h o t i c  modes 
o f  p r e s e n ta t i o n  was in c lu d ed  in  th e  d es ig n  of t h i s  s tu d y .  Research r e ­
viewed in  Chapter I I  i n d i c a te d  t h a t  th e  amount o f  s e n s i t i z a t i o n  or d e sen ­
s i t i z a t i o n  to  th e  t e s t  s i g n a l  was in f lu e n c e d  by the  l e v e l  o f  the  n o n - t e s t  
s ig n a l .  Thus, two I n t e n s i t y  l e v e l s  o f  the  n o n - te s t  s ig n a l  were s tu d ie d .
I n t e r a u r a l  a t t e n u a t i o n  (lA) must be considered  in  r e s e a rc h  u t i ­
l i z i n g  d i c h o t i c  s t i m u l i .  Because no lA in fo rm ation  was a v a i l a b l e  f o r  f r e ­
quencies  below 125 Hz, a s tu d y  o f  lA a t  50 Hz was co n s id e red  n e c e s s a ry  
b e fo re  th e  major s tudy  cou ld  be i n i t i a t e d .  This s tudy  i s  r e f e r r e d  to  as 
P re l im in a ry  Study One. The f a c t  t h a t  Deatherage and Henderson (1967) 
found t h a t  a -5-dB SL, o n -g o in g ,  50-Hz tone could a f f e c t  d e t e c t a b i l i t y  fo r  
b r i e f  a c o u s t i c  p ip s  d u ring  m onotic s t im u la t io n  sugges ts  t h a t  such an on­
going s in u s o id  p re se n te d  a t  5 dB below lA could in f lu e n c e  th e  h e a r in g  fo r  
ano ther  s ig n a l  p re se n te d  to  th e  o p p o s i te  e a r .  I t  was n o t  known how sub­
l im in a l  a 50-Hz tone  must be b e fo re  i t  no longer a f f e c t s  th e  d e t e c t a b i l i t y  
fo r  p ip s  vAien th e  s ig n a l s  a r e  p re s e n te d  m o n o t ica l ly .  D e te rm in a t io n  of 
th e  e x te n t  o f  th e  S u b lim in a l  S e n s i t i z a t i o n  E f f e c t  (SSE) was c o n s id e re d  
n e c e ssa ry  b e fo re  th e  major s tu d y  cou ld  proceed . This s tu d y  i s  r e f e r r e d  
to  as P re l im in a ry  Study Two.
The d e s ig n s  fo r  P re l im in a ry  S tu d ie s  One and Two and the  Major 
Study a re  p re s e n te d  in  th e  rem ainder o f  t h i s  c h a p te r .  A d e s c r i p t i o n  o f  
th e  o b s e rv e r s ,  the  a p p a ra tu s ,  and the  p rocedures  as w e l l  as th e  e x p e r i ­
m ental h y p o th e se s ,  a re  p re s e n te d  fo r  each s tudy .
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P re l im in a ry  Study One: lA a t  50 Hz
Observers
F ive  male p a t i e n t s  who were seen a t  the  Audiology and Speech 
Pathology C l in ic  o f  the  V eterans A d m in is t ra t io n  H o sp i ta l  in  Oklahoma C i ty ,  
Oklahoma, served as the  o b se rve rs  in  t h i s  s tudy . These p a t i e n t s  ranged 
from 27 to  55 y ea rs  o f  age, the median age being 45 y e a r s .  Each demon­
s t r a t e d  a t o t a l  lo s s  o f  h e a r in g  in  one e a r  and e s s e n t i a l l y  normal h e a r in g  
s e n s i t i v i t y  fo r  th e  low freq u en c ie s  in  th e  o p p o s i te  e a r . ^  A l l  f iv e  pa­
t i e n t s  had re c e iv e d  c l i n i c a l  aud iom etr ic  e v a lu a t io n s  and no ev idence  o f  
n o n o rg a n ic i ty  had been dem onstrated  a t  any time.
Room A pparatus
The experim ent was conducted in  an lAC model 400 sound t r e a t e d  
room a t  th e  c l i n i c  mentioned above. The room co n ta in ed  two matched 10-ohm 
T elephonies  TDH-39 earphones s e t  in  MX-41/AR cush ions  which were fed from 
the ex p er im en ta l  ap p a ra tu s  lo c a ted  o u ts id e  the  sound t r e a t e d  room. S ince  
the  only frequency  under t e s t  in  t h i s  s tu d y  was 50 Hz, th e  am bient n o is e  
l e v e l s  a t  the  oc tave  bands cen te red  a t  31.5  and 63 Hz were e v a lu a te d  under 
the ambient n o ise  c o n d i t io n s  of the  experim ent. A G eneral Radio  type 
1551-C sound l e v e l  m eter coupled w ith  a General Radio type  1558-C o c ta v e -  
band a n a ly z e r  y ie ld e d  l e v e l s  o f  46 and 44 dB SPL, r e s p e c t i v e l y .
Threshold  s tu d ie s  o f  50-Hz tones  under earphones in  norm al- 
h e a r in g  o b se rv e rs  by Wegel, R iesz ,  and Blackman (1932),  Bekesy i n  1936, 
(Bekesy, 1960, 260), C a r te r  and K ry te r  (1962), Yeowart, Bryan and Tempest
^Normal h e a r in g  s e n s i t i v i t y  fo r  low f re q u e n c ie s  i s  d e f in e d  as 
being  w i th in  25 dB ISO a t  oc tave  i n t e r v a l s  of 125 to  1000 Hz as t e s t e d  
c l i n i c a l l y  w ith  a c a l i b r a t e d  Beltone model 15-C audiom eter i n  an In d u s ­
t r i a l  A co u s tio s  Company (lAC) model 404-A sound t r e a t e d  room.
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(1967), and Deatherage and Henderson (1967) show co n s id e ra b le  d i s a g r e e ­
ment, the no rm al-hearing  v a lu e s  ranging from 53 to  84 dB SPL.^ In the 
sound t r e a t e d  room used in  the  p resen t s tu d y ,  th e  sum of the ob ta ined  
ambient n o is e  le v e l s  in th e  two octave bands surround ing  50 Hz was ap­
p rox im ate ly  48.2  dB SPL. This i s  le s s  than the minimum norm r e p o r te d .
The amount o f  a t t e n u a t io n  provided by th e  exp er im en ta l  earphone and 
cushion a t  50 Hz i s  not known. Even i f  i t  i s  assumed th a t  no a t t e n u a ­
t io n  occurs  a t  50 Hz, i t  appears  u n l ik e ly  th a t  such ambient n o ise  l e v e l s  
i n t e r f e r e d  w ith  the conduct o f  t h i s  s tudy .
E xperim ental Apparatus
A 50-Hz s ig n a l  was genera ted  by a H ew lett-Packard  model 200-ABR 
audio o s c i l l a t o r  and was passed  to  a G raso n -S tad le r  model 829-C e l e c t r o n i c  
sw itch  which was s e t  fo r  a r e p e t i t i o n  r a t e  o f  one per second (sec)  w ith  a 
1 0 -m ill ise co n d  (msec) r i s e - d e c a y  time and a 50% d u ty  cy c le .  The s ig n a l  
was then passed to the  e x t e r n a l  inpu t o f  a G raso n -S tad le r  model 162 speech 
audiometer used as an impedance matching dev ice  and an a t te n u a to r  c o n t ro l  
fo r  th e  50-Hz s ig n a l .  The s ig n a l  then was fed through the w a ll  to  the  
earphones. The maximum o u tp u t  for the 50-Hz s in u so id  a t  the earphones 
was 130 dB SPL as  measured on an A lliso n  model 300 a r t i f i c i a l  e a r .
Procedure
Each observer was in s t ru c te d  to  r a i s e  h i s  f in g e r  as soon as he 
was j u s t  a b le  to  d e te c t  th e  p resence  of the  50-Hz s in u so id .  That tone 
was p re se n te d  to  the b e t t e r  e a r  a t  approxim ate ly  100 dB SPL fo r  a c q u a in t ­
ing pu rposes .  A window in  the  sound t r e a te d  room allowed the  in v e s t ig a t o r
^These d i f f e r e n c e s  appear to  be r e l a t e d  to  th e  v a r io u s  methods of 
c a l i b r a t i o n  th a t  were u t i l i z e d .
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to  observe  the  f in g e r  movement. The b e t t e r  e a r  was t e s t  f i r s t .  U t i l i z i n g  
the  p o te n t io m e te r  on the  speech audiom eter, a 2-dB s te p  ascend ing  method 
o f  l i m i t s  procedure  was used to  e s t a b l i s h  th re s h o ld  fo r  th e  p u lsed  50-Hz 
tone . Threshold  was d e f in e d  as th a t  l e v e l  which led to  two re s p o n s e s  out 
o f  fou r p r e s e n ta t i o n s .  The same procedure  was rep ea ted  w ith  the  s ig n a l  
p re se n te d  to  the poorer  e a r .
H ypothesis
Z w is lock i (1953) and Olsen, J a b a le y ,  and Pappas (1967) showed 
th a t  when both e a r s  were covered w ith  s ta n d a rd  earphones s e t  in  s ta n d a rd  
cu sh io n s ,  the  lA was g r e a t e s t  a t  the h ig h  f re q u e n c ie s  (means of 60 t o  70 dB 
a t  4000 an d /o r  8000 Hz) and l e a s t  a t  the  low f req u en c ies  (means o f  40 to  
50 dB a t  125 an d /o r  250 Hz). I t  appears  t h a t  lA d ec re ase s  as f requency  i s  
lowered. I t  was h y p o th e s ized  t h a t  lA a t  50 Hz would be g r e a t e r  than  30 dB.
P re l im in a ry  Study Two; E x ten t  o f  the SSE 
Observers
E ig h t male g ra d u a te  s tu d e n ts  in  aud io logy  a t  the  Oklahoma U niver­
s i t y  M edical C en ter  in  Oklahoma C ity ,  Oklahoma, served as o b se rv e rs  fo r  
t h i s  s tu d y .  T h e ir  ages ranged from 25 to  46 y e a r s ,  the median age being  
30 y e a r s .  Each o b se rv e r  had normal h e a r in g  s e n s i t i v i t y  a t  th e  s ta n d a rd  
f re q u e n c ie s  in  th e  t e s t  e a r . 3 In t e s t s  w ith  the  appara tus  to  be d e sc r ib e d  
below, each o b se rv e r  had normal h ea r in g  s e n s i t i v i t y  in  th e  t e s t  e a r  a t  
50 Hz.4 A l l  o f  th e  o b se rv e rs  had n e g a t iv e  h i s t o r i e s  of h e a r in g  problems
^Normal h e a r in g  s e n s i t i v i t y  a t  th e  s ta n d a rd  f re q u e n c ie s  i s  d e ­
f ined  as be ing  w i th in  25 dB ISO a t  o c tave  i n t e r v a l s  of 125 to  8000 Hz as 
t e s t e d  c l i n i c a l l y  w ith  a  c a l ib r a t e d  B e ltone  model 15-C audiom eter in  an 
lAC model 404-A sound t r e a t e d  room.
^Normal h e a r in g  s e n s i t i v i t y  a t  50 Hz i s  def ined  as  being  no 
g r e a t e r  than  84 dB SPL as r e v e a le d  by th e  s tu d i e s  c i te d  e a r l i e r .
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in  the  t e s t  e a r  and a l l  were experienced  l i s t e n e r s  in  a u d i to r y - th r e s h o ld  
i n v e s t i g a t i o n s .
Room A pparatus
T h is  experim ent was conducted in  the same sound t r e a te d  room, 
w ith  th e  same ea rphones, cu sh io n s ,  and ambient n o is e  c o n d i t io n s  d e sc r ib e d  
in  P re l im in a ry  Study One. In a d d i t io n  to  a 50-Hz s ig n a l ,  however, b r i e f  
a c o u s t i c  p ip s  were u t i l i z e d .  Each p ip  was produced by r in g in g  th e  e a r ­
phone once ev e ry  fo u r  seconds w ith  a 0 .1-m sec square-wave p u lse  o f  p o s i ­
t i v e  p o l a r i t y .
There was some q u e s t io n  w hether or n o t  th e  ambient n o is e  in  th e  
t e s t  room would i n t e r f e r e  w ith  the  d e t e c t a b i l i t y  o f  the p ip s .  W ith in  the 
range  o f  50 to  8000 Hz, th e  frequency spectrum o f  the  p ip s  was s tu d ie d
w ith  a G enera l Radio type 1900-A wave an a ly ze r  in  c o n ju n c tio n  w ith  the
G eneral Radio type 1521-A g r a p h ic - l e v e l  r e c o rd e r .  This re v e a le d  t h a t  the 
p ip s  had a broad frequency  spectrum  w ith  a peak am plitude  in  a band be ­
tween 3200 and 3700 Hz. In  a d d i t io n ,  the  earphone w ith i t s  p ip  s ig n a l  
o u tp u t was coupled to  the  A l l i s o n  model 300 a r t i f i c i a l  e a r ,  the  o u tp u t  of 
which was m onitored  on a T e k tro n ix  model 561-A o s c i l lo s c o p e .  The maximum
peaks o f  th e  waveforms which th e  p ip s  produced on the  face  o f  the  o s c i l ­
loscope  were s im i la r  to  th o se  produced by 3400-Hz s in u s o id s .  I t  i s  i n t e r ­
e s t i n g  to  n o te  th a t ,  based upon the  d a ta  o f  Zwicker, F lo t t o r p ,  and Stevens 
(1957), th e  3200- to  3700-Hz band corresponds c l o s e l y  to  the  c r i t i c a l  band 
around a 3400-Hz s i g n a l .  These f a c t s ,  to g e th e r  w ith  the  f a c t  t h a t  the  
3200- t o  3700-Hz band i s  w i th in  th e  re g io n  of g r e a t e s t  h e a r in g  s e n s i t i v ­
i t y ,  su g g e s t  t h a t  i t  was th e  3200- to  3700-Hz p o r t io n  of the  pip s ig n a l  
t h a t  was h e a rd  in  th e  d e t e c t a b i l i t y  t a s k  to  be d e s c r ib e d .
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The ambient n o i s e  a t  the  octave band cen te red  a t  4000 Hz and 
which ex ten d s  from 2828 to  5656 Hz, was ev a lu a te d  under the ambient 
n o is e  c o n d i t io n s  o f  t h i s  experim ent w ith  th e  same n o ise  a n a ly s i s  e q u ip ­
ment d e sc r ib e d  in  P re l im in a ry  Study One. The a n a ly s i s  re v e a le d  a l e v e l  
o f  16 dB SPL in  t h a t  o c ta v e  band. The a t t e n u a t io n  o ffe red  by a s ta n d a rd  
earphone s e t  in  MX-41/AR cush ions  a t  t h a t  oc tave  band i s  approx im ate ly  
33 dB,5 le a v in g  the  n o i s e  l e v e l  a t  the  ea r  in  th a t  octave band a t  approx­
im a te ly  -17 dB SPL. Normal h e a r in g  s e n s i t i v i t y  fo r  the c r i t i c a l  band 
su rro u n d in g  a 3400 Hz tone  i s  approx im ate ly  7 .3  dB SPL.^ Thus, i t  appea rs  
t h a t  the am bient n o i s e  l e v e l  in  th e  oc tave  band surrounding  th e  3200- to  
3700-Hz band d id  n o t  i n t e r f e r e  w ith  th e  d e t e c t a b i l i t y  of the  a c o u s t i c  p ip s  
i n  q u e s t io n .
E xperim en ta l A pparatus
F ig u re  1 i s  a  b lo c k  diagram  r e p r e s e n t in g  the  in s t ru m e n ta t io n  used 
in  P re l im in a ry  Study Two. The d i s c u s s io n  o f  the  experim ental a p p a ra tu s  i s  
d iv id e d  i n t o  four s e c t i o n s :  (1) S ig n a l  a p a ra tu s ;  (2) Timing a p p a ra tu s ;
(3) C o n tro l  a p p a ra tu s ;  (4) Data c o l l e c t i o n  and re in fo rcem en t a p p a ra tu s .
S ig n a l  a p p a r a tu s . A 50-Hz s ig n a l  was genera ted  by a model 200- 
ABR, H ew le tt-Packard  au d io  o s c i l l a t o r  and was passed  to  a custom-made 
s p l i t t e r .  One p o r t i o n  o f  th e  s p l i t  s ig n a l  was used as the  on-go ing  50-Hz 
s in u s o id .  That p o r t i o n  o f  th e  s ig n a l  went from the  s p l i t t e r ,  th rough  a 
H ew le tt-P ack ard  model 350-C a t t e n u a t o r  to  one h a l f  o f  a d o u b le -p o le
5This l e v e l  was a b s t r a c te d  from a graph p resen ted  by Z w is lo c k i
(1957).
^This l e v e l  was i n t e r p o l a t e d  from d a ta  p resen ted  by Cox and 
B i lg e r  (1960) and D avis  and Kranz (1964) in  view  o f  the  c r i t i c a l  band 
in fo rm a t io n  o f  Zw icker, F l o t t o r p ,  and S tevens (1957).
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F ig u re  1. S im p l i f ie d  b lock  diagram  o f  e x p e r im e n ta l  a p p a ra tu s .
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doub le -th row  sw itch  which c o n t r o l l e d  whether the  50-Hz s ig n a l  and the pip 
s ig n a l  were p re se n te d  m o n o t ic a l ly  o r  d i c h o t i c a l l y .  The monotic p o s i t io n  
o f  t h i s  switch d i r e c te d  the  s ig n a l  t o  a UTC LS-32 mixing-m atching t r a n s ­
former where the  p ip  was added to  th e  on-going s in u s o id .  This combined 
s ig n a l  was then d i r e c te d  to  a 10-ohm, TDH-39 earphone on the t e s t  e a r .
In  the  d ic h o t ic  p o s i t i o n ,  t h i s  sw i tch  passed the  on-going s in u so id  d i ­
r e c t l y  through an i d e n t i c a l l y  loaded  mixing-matching tran s fo rm e r  to  a 
matched earphone on the  c o n t r a l a t e r a l  e a r .  Only the monotic switch  p o s i ­
t i o n  was used in  P re l im in a ry  S tudy Two.
The o th e r  p o r t io n  o f  th e  s p l i t  50-Hz s ig n a l  was used to  t r i g g e r  
th e  b r i e f  a c o u s t i c  p ip .  The 50-Hz s ig n a l  went from th e  s p l i t t e r  to  a 
G raso n -S tad le r  model 829-C e l e c t r o n i c  switch  which was tu rn ed  o n . and o f f  
fo llow ing  a time d e la y  i n i t i a t e d  by the  o b s e rv e r 's  re sp o n s e .?  The o u tp u t  
o f  the  e l e c t r o n i c  switch was d e l iv e r e d  to  a T ra n s is to r  S p e c i a l t i e s  I n c o r ­
p o ra te d  (TSI) model 361 u n iv e r s a l  coun te r  which was s e t  i n  th e  "P e r io d  A" 
mode. The t r i g g e r  le v e l  and th e  t r i g g e r  s lo p e  ad justm en ts  were s e t  to  
t r i g g e r  the co u n te r  a t  a c o n s i s t e n t  v o l ta g e  l e v e l  of th e  in p u t  s t im u lu s .
A T ek tron ix  model 561-A o s c i l lo s c o p e ,  in  p a r a l l e l  w ith  the  coun t­
e r  and t r ig g e re d  by i t ,  a llow ed th e  ou tpu t o f  the e l e c t r o n i c  sw itch  to  be 
m onito red  w hile  th e  a p p ro p r ia te  t r i g g e r  le v e l  o f  the coun te r  was s e t .  In 
a d d i t io n  to  t r i g g e r in g  th e  o s c i l lo s c o p e ,  the  p u ls e  o u tpu t of the  counter  
t r i g g e r e d  a T ek tro n ix  type 162 waveform g en e ra to r  a d ju s te d  to  produce a 
20-msec sawtooth wave. That wave then  passed to  the  e x p e r im e n te r 's  switch  
which c o n t ro l le d  whether or n o t  a p ip  was added to  the on-going s in u s o id .  
The experim enter tu rned  t h a t  sw itch  to  the YES p o s i t io n  o r  th e  NO p o s i t i o n
7This i s  d iscu ssed  more f u l l y  in  th e  Timing a p p a ra tu s  s e c t io n  
which fo llow s .
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acco rd ing  to  one o f  many quasi-random l i s t s  o f  p r e s e n ta t i o n s  which p r e ­
luded t h a t  th e  two sw itch  p o s i t io n s  had an e q u a l  l i k e l ih o o d  of occurrence . 
In th e  NO p o s i t i o n  th e  wave d id  n o t p a s s .  In  th e  YES p o s i t i o n  the wave 
passed  and t r i g g e r e d  a T ek tron ix  type 161 p u ls e  g e n e r a to r .  The 0 .1  msec 
p o s i t i v e  square  wave p u lse  produced by th a t  p u ls e  g e n e ra to r  was a d ju s te d  
to  c o in c id e  w ith  e i t h e r  a  90° or a 270° phase a n g le  o f  th e  on-going 50-Hz 
s inuso id .®  The p u ls e  was d e l iv e re d  through a custom-made impedance match­
ing pad to  a H ew lett-Packard  model 350-C a t t e n u a t o r .  The p u lse  went from 
the  a t t e n u a t o r  to  th e  o p p o s i te  h a l f  o f  the  p r e v io u s ly  d esc r ib e d  dou b le ­
p o le ,  d oub le -th row , m o n o t ic -d ic h o t ic  sw itch .
Timing a p p a r a tu s . The f i r s t  p ip  p r e s e n ta t i o n  was i n i t i a t e d  by 
the  ex p e r im en te r  who pushed th e  on e -cy c le  b u t to n  on a T ek tron ix  type 162 
waveform g e n e ra to r  which was ad ju s ted  to  produce a 4 .0 - s e c  sawtooth wave. 
The o u tp u t  o f  t h a t  g e n e ra to r  t r ig g e re d  th re e  T e k t ro n ix  type 161 p u lse  
g e n e r a to r s ,  each o f  which c lo sed  an e le c t ro m e c h a n ic a l  r e l a y  for 0 .1  sec .  
The f i r s t  r e l a y  c lo sed  3 .0  sec  a f t e r  th e  i n i t i a t i o n  o f  th e  sequence and 
d u r in g  the  c lo sed  p e r io d ,  i t  l i t  a WARNING lamp. The second r e la y  c lo sed  
3 .5  sec  a f t e r  the  i n i t i a t i o n  o f  the sequence . D uring i t s  c losed  p e r io d  
i t  l i t  a LISTEN lamp and, in  a d d i t io n ,  i t  tu rn ed  the  e l e c t r o n i c  sw itch  on 
and then  o f f .  A f te r  4 .0  sec the t h i r d  r e l a y  c lo se d  and d u r in g  i t s  c lo sed  
p e r io d  i t  l i t  th e  RESPOND lamp. The WARNING, LISTEN and RESPOND lamps 
were lo c a te d  in  the  o b s e r v e r ' s  response  box. The o b se rv e r  responded by 
pushing h i s  response  sw itch  to  YES i f  he though t he  h ea rd  th e  p ip  or to  
NO i f  he d id  n o t .  E i th e r  response  by th e  o b se rv e r  t r i g g e r e d  the waveform 
g e n e ra to r  a s s o c ia te d  w ith  the  s ig n a l  a p p a ra tu s  and th e  above timing
®This phase ad justm en t i s  d isc u sse d  more f u l l y  in  the  C ontro l 
a p p a ra tu s  s e c t i o n  which fo l lo w s .
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sequence was r e - c y c l e d  a u to m a t ic a l ly .
C on tro l  a p p a ra tu s . Before each run  the  frequency o f  the on-go ing  
s inuso id  was a d ju s te d  to  50 Hz by s e t t i n g  th e  o s c i l l a t o r  w h ile  o b se rv in g  
the p e r io d  o f  th e  s in u s o id  through the  use  o f  the  c o u n te r .  The p e r io d  o f  
th a t  s in u so id  was m onitored  w ith  th e  co u n te r  d u ring  and fo llow ing  each 
run . I t  v a r ie d  by l e s s  than +1.2  msec o f  20 msec throughout the  s tu d y .  
Before and a f t e r  each s e s s io n ,  the i n t e n s i t y  o f  the  50-Hz on-going s i n u s ­
oid was determ ined  a t  the 0 dB a t t e n u a to r  s e t t i n g  w ith  the  a r t i f i c i a l  e a r  
and was found to  v a ry  by no more than + 1 .4  dB d u ring  any s e s s io n .
P r io r  t o  each s e s s io n ,  the  i n t e n s i t y  o f  the p ip  produced by r i n g ­
ing th e  earphone w ith  the 0.1-msec p o s i t i v e  square-wave p u lse  was a d ju s te d  
to  equal th a t  produced in  the same earphone by an on-going 1000-Hz to n e  a t  
106 dB SPL. F o llow ing  each s e s s io n ,  the  i n t e n s i t y  o f  the  p ip  was s tu d ie d  
and was found to  d i f f e r  by no more than +7.5% of i t s  i n i t i a l  v o l t a g e .
That much of a v o l t a g e  change corresponds  to  l e s s  than a 40.7-dB v a r i a t i o n  
in the i n t e n s i t y  of the  p ip .  -The p ip  i n t e n s i t y  s tu d ie s  were conducted by 
p la c in g  the  earphone w ith  i t s  p ip  o u tp u t  on the a r t i f i c i a l  e a r  and o b s e rv ­
ing the  o u tp u t  o f  th e  a r t i f i c i a l  e a r  on th e  o s c i l lo s c o p e .
In o rd e r  to  s e t  the  phase r e l a t i o n s h i p  o f  the  a c o u s t ic  p ip  w ith  
r e s p e c t  to  th e  on-go ing  50-Hz s in u s o id  a t  th e  beg inn ing  o f  each s e s s io n ,  
both s ig n a l s  were mixed and le d  to  the  earphone which was p laced  on the  
a r t i f i c i a l  e a r .  The ou tpu t o f  the  a r t i f i c i a l  e a r  was d isp la y ed  on the  
o s c i l lo s c o p e .  The time de lay  on the  p u ls e  g e n e ra to r  which produced th e  
s ig n a l  was a d ju s te d  so th e  p ip  produced in  the  earphone would appear a t  
the d e s i r e d  phase  angle  of the  on-going 50-Hz s in u s o id .  The two s i g n a l s  
were observed in  the  same manner a t  the  end o f  each se s s io n  to  ensure  
th a t  the  phase r e l a t i o n s h i p  had no t s h i f t e d  a p p re c ia b ly .  During each ru n ,
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th e  phase r e l a t i o n s h i p  o f  the  two s i g n a l s  was monitored on the  o s c i l l o ­
scope from the  ou tpu t o f  the  m ixing-m atching  tran s fo rm e r .  Throughout 
a l l  o f  the  r u n s ,  a given phase r e l a t i o n s h i p  d id  no t vary  by more than 
a pp rox im ate ly  +9°.
Data c o l l e c t io n  and re in fo rc e m e n t  a p p a r a tu s . The experim en te r  
was s e a te d  in  f r o n t  of a p an e l  c o n ta in in g  th r e e  e lec tro m ech an ica l  co u n te rs  
and a YES-NO sw itch  th a t  c o n t r o l l e d  w hether o r  no t a p ip  was p re se n te d .  
D uring  each re sp o n se  i n t e r v a l  th e  o b se rv e r  r e p o r te d  whether or n o t  he 
b e l ie v e d  th a t  a p ip  was p r e s e n t  by throw ing a YES-NO switch on h i s  r e ­
sponse box. I f  the pip was p r e s e n te d  and was i d e n t i f i e d  c o r r e c t l y ,  a c i r ­
c u i t  from the  o b s e r v e r 's  sw itch  th rough  th e  s ig n a l  and tim ing  a p p a ra tu s  
to  the  counted la b e led  HIT was com pleted and th e  response was re c o rd e d .
I f  the  p ip  was absen t and was f a l s e l y  i d e n t i f i e d ,  a s im i la r  c i r c u i t  to  
th e  FALSE ALARM counter was com pleted and t h a t  response was rec o rd e d .
Every time the  observer responded , w hether c o r r e c t l y  or i n c o r r e c t l y ,  a 
c i r c u i t  was completed and h i s  re s p o n se  was reco rd ed  on the  co u n te r  la b e le d  
TOTAL.
Whenever th e  o b s e r v e r ' s  judgment was c o r r e c t  a c i r c u i t  was com­
p le t e d  from th e  switch in  th e  re s p o n s e  box, th rough the s ig n a l  and tim ing 
a p p a ra tu s ,  and back to  a g reen  l i g h t  in  th e  re sp o n se  box. A s im i la r  c i r ­
c u i t  was completed from the  sw itch  in  the  re sp o n se  box back to  a red  l i g h t  
in  th e  re sp o n se  box whenever th e  o b s e r v e r ' s  judgment was i n c o r r e c t .  In 
e i t h e r  ev e n t ,  th e  l i g h t  remained on fo r  as long  as h i s  sw itch  was thrown.
Procedure
Psychophysical th re s h o ld  f o r  the p ip  was taken in  th é  t e s t  e a r  
and psychophys ica l  th re s h o ld s  fo r  th e  50-Hz tone  were taken in  each ea r
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s e p a r a t e ly  a t  th e  beg inn ing  o f  the  sess ion  and a f t e r  a b reak  p e r io d  mid­
way through the  s e s s io n .  A 1.0-dB s tep  ascending  method o f  l i m i t s ,  with 
two re sp o n ses  ou t o f  four p r e s e n ta t io n s  d e f in in g  th r e s h o ld ,  was used to  
f in d  the p sychophys ica l th r e s h o ld s  fo r  both s i g n a l s .  The s ig n a l  appa­
r a t u s ,  as d e sc r ib e d  above, was u t i l i z e d  fo r  th e  th re s h o ld  d e te rm in a tio n s  
o f  each s ig n a l .  One p ip  per  sec was p resen ted  d u r in g  the ascending  p ip- 
th re s h o ld  d e te rm in a t io n s .  The tone was on co n t in u o u s ly  d u r in g  the  a s ­
cending 50-Hz th re sh o ld  d e te rm in a t io n s .  These p sychophysica l s tu d ie s  of 
th re s h o ld  were n e c e ssa ry  in  o rd e r  to determ ine the  s t a r t i n g  l e v e l s  of 
both s ig n a l s  fo r  the  yes-no  s ig n a l  d e te c t io n  ta s k  d e s c r ib e d  below.
The e i g h t  o b se rv e rs  were t ra in e d  fo r  the yes-no  s ig n a l - d e te c t io n  
p rocedu re  in  the  p ip s - a lo n e  (no 50-Hz tone) c o n d i t io n .  In  th e se  t r a in in g  
s e s s i o n s ,  as w e ll  as in  the  a c t u a l  experim ental s e s s io n ,  each observer 
was s e a te d  com fo rtab ly  in  th e  sound t r e a te d  room and the  fo llo w in g  in ­
s t r u c t i o n s  were g iven :
You a re  going to  l i s t e n  for a s e r i e s  o f  v e ry  f a i n t  a c o u s t ic  
p ip s .  When th e  WARNING l i g h t  comes on, g e t  re a d y .  Than, as the  
LISTEN l i g h t  comes on, l i s t e n  for a p ip .  When th e  RESPOND l i g h t  
comes on, push th e  sw itch  to  YES i f  you th in k  t h a t  you heard  i t  
o r  to  NO i f  you do n o t  th in k  th a t  you h ea rd  i t .  The sequence 
w i l l  con t inue  over and over again . The p ip  w i l l  be th e re  only  
h a l f  o f  th e  time and in  random fash ion .  Do n o t  guess w i ld ly .
I f  you a re  com ple te ly  u nsu re  whether or n o t  i t  was t h e r e ,  push 
th e  sw itch  to  NO. Do as w e l l  as you can.
The earphones were then p la c e d  on the observer in  such a way t h a t  a t ig h t  
s e a l  was ensu red .  The re sp o n se  box was handed to  th e  o b se rv e r ,  th e  door 
to  the  sound t r e a t e d  room was c losed  and th e  one c y c le  b u tto n  on the  wave­
form g e n e ra to r  was p re ssed  to  begin the  sequence.
Each o b se rv e r  was p re se n te d  a s e r i e s  o f  p r a c t i c e  runs  o f  100 
t r i a l s  each . I n i t i a l l y ,  th e  p ip s  were p resen ted  a t  one o r  two dB above 
p sych o p h y s ica l  th re s h o ld  b u t ,  as the observer became more s o p h i s t i c a te d ,
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th e  l e v e l  was reduced from one to f iv e  dB u n t i l  he  ob ta ined  a score  o f  
between 75 and 85% c o r r e c t .  I t  was assumed th a t  such a sco re  would a l low  
fo r  comparisons o f  h ig h e r  or lower s c o re s  ac ross  trea tm en t c o n d i t io n s  
because  such a sco re  i s  between chance and p e r f e c t io n .  The p e r io d  o f  
t r a i n i n g  con t inued  u n t i l  the  fo llow ing  re sp o n se  c r i t e r i a  were met: (1) the  
t o t a l  s c o re  fo r  one run  was w ith in  +5% o f  the sco re  on the p reced ing  run; 
(2) no more than ten  f a l s e  alarms o ccu rred  in  any run.
Each obse rv e r  p a r t i c ip a te d  in  P re l im in a ry  Study Two on a day 
subsequen t to  t r a i n i n g .  One o r  two p r a c t i c e  ru n s ,  two re fe re n c e  ru n s ,  
two c o n t ro l  runs  and four experim enta l ru n s  were conducted. Each run 
c o n ta in ed  120 t r i a l s ,  the  f i r s t  twenty f o r  p r a c t i c e  and the  rem aining for 
a c tu a l  d a t a  c o l l e c t i o n .  Of th e  100 d a ta  c o l l e c t io n  t r i a l s ,  50 con ta ined  
th e  p ip  s ig n a l  and 50 d id  no t  con ta in  th e  pip s ig n a l  accord ing  to  one of 
s e v e ra l  quasi-random  p r e s e n ta t io n  s ch ed u le s .
The r e s u l t s  o f  the  runs  were reco rd ed  in  accordance w ith  the con­
s t r u c t s  o f  s i g n a l - d e t e c t i o n  des ign .  When each run was completed, the  num­
b e r  of h i t s  and the  number o f  f a l s e  a larm s were copied from the e l e c t r o ­
m echan ical c o u n te r s .  L a te r ,  th e  number o f  m isses and the  number o f  c o r ­
r e c t  r e j e c t i o n s  were computed. The c o r r e c t - r e s p o n s e  p ercen tage  fo r  each 
run  was de term ined  by adding th e  h i t  and c o r r e c t  r e j e c t i o n  numbers.
There was a th re e  to  f iv e  m inute break  period  between runs  w ith  
a t  l e a s t  a twenty m inute b reak  period  midway through the  p ro ced u re .  I t  
was d u r in g  the  l a t t e r  break  p er iod  th a t  th e  earphones were removed fo r  
th e  f i r s t  tim e in  th e  s e s s io n .  T hresholds  fo r  the pips and the  50-Hz tone 
were r e - e s t a b l i s h e d  fo llow ing  th e  break p e r io d  and the earphones remained 
in  p la c e  u n t i l  the  s e s s io n  te rm ina ted .
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The p r a c t i c e ,  r e fe re n c e ,  and c o n t ro l  runs  involved the  p re s e n ­
t a t i o n  o f  the  a c o u s t ic  p ip s  w ith  no on-going 50-Hz tone . In the  four 
ex p e r im en ta l  ru n s ,  the  a c o u s t ic  p ips  were always p resen ted  a t  a 90° phase
an g le  w ith  r e s p e c t  to  the  50-Hz tone ,  bu t  the  l e v e l  o f  the  on-going tone
was v a r i e d .  E xperim ental Condition One p re sen te d  the  50-Hz tone a t  -10 dB 
SL. Experim ental C onditions-Tw o,’ Three, and Four p resen te d  th a t  tone a t  
-20 , -30 , and -40 dB SL, r e s p e c t iv e ly .  The fou r  experim en ta l c o n d i t io n s  
were p re se n te d  in fou r  balanced o rd e r s .  Two o b se rv e rs  r e c e iv e d  each 
o r d e r ,  one l i s t e n i n g  w ith  the r i g h t  e a r  and one w ith  the  l e f t  e a r .  The
p r e s e n ta t io n  o rd e rs  a re  i l l u s t r a t e d  in  Appendix A.
Hypotheses
D eatherage and Henderson (1967) found a SSE fo r  p ips  p re se n te d
a t  a 90° phase angle  r e  an on-going, -5-dB SL, 50-Hz to n e .  I t  was n o t
known whether t h i s  e f f e c t  would be observed w ith  the  50-Hz tone p re se n te d  
a t  lower l e v e l s .  A g en e ra l  p i l o t  study  was undertaken  w ith  two o b se rv e rs  
w h ile  the  exp er im en ta l  appara tu s  for t h i s  s tudy  was being  p e r f e c te d .  The 
r e s u l t s  o f  t h a t  p i l o t  s tudy  in d ic a te d  th a t  the  SSE occurred  when the  50-Hz 
tone was p re sen te d  a t  -10 dB SL but n o t  when i t  was p resen ted  a t  -20 dB 
SL. I t  was hy p o th es ized  th a t  th e  SSE would n o t  occur when the  50-Hz tone 
was p re se n te d  a t  -20 dB SL or low er.  In a d d i t io n ,  i t  was hypo thesized  
t h a t  th e r e  would be no d i f f e r e n c e  in performance between the r i g h t  e a r  and
th e  l e f t  e a r  groups o f  o b se rv e rs .
Major Study 
In t ro d u c t io n
As mentioned e a r l i e r  i n  t h i s  c h a p te r ,  th e  Major Study i n v e s t i ­
ga ted  s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  o f  the a u d i to ry  system to  a c o u s t i c
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p ip s  p re s e n te d  a t  90° or 270° re  a su b lim in a l  o r  s u p ra l im in a l  on-go ing , 
lo w - le v e l ,  50-Hz tone when the  p ip  and the tone were p re se n te d  m o n o t ic a l ly  
or d i c h o t i c a l l y . On the b a s i s  o f  the  r e s u l t s  o f  P re l im ina ry  S tu d ie s  One 
and Two, which a re  d isc u s se d  in  C hap ter  IV, th e  le v e l  of the  s u p ra l im in a l  
50-Hz tone was s e t  a t  3 dB SL and the  le v e l  o f  the  su b l im in a l  50-Hz tone 
was s e t  a t  -10 dB SL.
O bservers
The same e ig h t  male g ra d u a te  s tu d e n ts  who served as o b se rv e rs  in  
P re l im in a ry  Study Two were th e  o b s e rv e rs  for t h i s  s tudy . Each obse rv e r  
used the  same t e s t  e a r  t h a t  he used in  P re lim in a ry  Study Two. As noted  
e a r l i e r ,  each o b se rv e r  had normal h e a r in g  s e n s i t i v i t y  in  the  t e s t  e a r  a t  
50 Hz and a t  oc tave  i n t e r v a l s  o f  125 to  8000 Hz. I t  was n e c e s s a ry  to  t e s t  
the o b s e r v e r s '  h e a r in g  in  th e  ea r  o p p o s i te  the  t e s t  e a r  s in c e  they would 
r e c e iv e  the on-going 50-Hz to n e  in  each ear on d i f f e r e n t  o c c a s io n s .  The 
c r i t e r i a  fo r  normal h ea r in g  and the  equipment used to  e v a lu a te  the  ob­
s e r v e r s '  h e a r in g  fo r  the t e s t  e a r  in  P re l im in a ry  Study Two were used to 
e v a lu a te  t h e i r  h e a r in g  fo r  th e  c o n t r a l a t e r a l  e a r  in  t h i s  s tu d y .
S ix  o f  the  e ig h t  o b s e rv e rs  had no h i s t o r y  of h ea r in g  d i f f i c u l t y  
in  the e a r  o p p o s i te  the  t e s t  e a r  and t h e i r  h e a r in g  was normal a t  50 Hz 
and a t  o c tav e  i n t e r v a l s  o f  125 to  8000 Hz. Two o f  the obse rv e rs  had h i s ­
t o r i e s  o f  h e a r in g  d i f f i c u l t y  in  t h a t  e a r .  Both o f  th e se  o b se rv e rs  heard  
norm ally  a t  50 Hz and a t  o c ta v e  i n t e r v a l s  of 125 to  2000 Hz b u t  b o th  had 
h ea r in g  lo s s e s  o f  25 to  55 dB ISO a t  4000 and 8000 Hz. However, th e  
lo s s e s  were n o t  deemed e x te n s iv e  enough to exclude the  two o b se rv e rs  from 
the  s tu d y .
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Room A pparatus
This  s tudy  was conducted  in  the same sound t r e a t e d  room w ith  the 
same earphones, cu sh io n s ,  o b s e rv e r  re sp o n se  box, and n o is e  c o n d i t io n s  de­
sc r ib ed  in  P re l im in a ry  S tudy Two.
E x p e r im en ta l  Apparatus
The s ig n a l ,  t im in g ,  d a ta  c o l l e c t i o n ,  and re in fo rc e m e n t  appara tus  
u t i l i z e d  in  P re l im in a ry  S tudy  Two were used in  th i s  s tu d y .  The only  d i f ­
fe rence  was t h a t  th e  m o n o t ic - d i c h o t ic  sw itch  on the  e x p e r im e n te r 's  rack  
was p laced  in  the  m onotic p o s i t i o n  d u r in g  a l l  o f  the  p r a c t i c e ,  c o n t ro l ,  
and r e f e r e n c e  runs and d u r in g  h a l f  o f  the exp er im en ta l  r u n s .  That switch 
was p laced  in  the d i c h o t i c  p o s i t i o n  d u r in g  th e  o th e r  h a l f  o f  th e  e x p e r i ­
m ental r u n s .
The c o n t ro l  a p p a ra tu s  was used as i t  was in  P re l im in a ry  Study 
Two. However, a d d i t io n a l  c o n t r o l  p rocedu res  were r e q u i r e d  fo r  th e  Major 
Study. The A l l i s o n  model 300 a r t i f i c i a l  ea r  was coupled  to  one earphone 
and ano the r  A l l i s o n  model 300 a r t i f i c i a l  e a r  was coupled  to  th e  o th e r  e a r ­
phone. Both a r t i f i c i a l  e a r  o u tp u t  s i g n a l s  were led  t o  the  T ek tron ix  os­
c i l lo s c o p e ,  one t r a c i n g  b e in g  superimposed on the  o th e r .  Each earphone 
then was p laced  on the  o p p o s i te  a r t i f i c i a l  e a r  and th e  same p rocedure  was 
r e p e a te d .  The frequency , a m p li tu d e ,  and phase o f  the  on-going 50-Hz s ig ­
n a l  were i d e n t i c a l  in  b o th  earphones as  f a r  as could be determ ined  v i s u ­
a l l y .
The two a r t i f i c i a l  e a r s  were u t i l i z e d  again to  ensu re  t h a t  the 
phase r e l a t i o n s h i p  between th e  p ip  and th e  50-Hz tone was th e  same fo r  
the  d i c h o t i c  and m onotic  p r e s e n t a t i o n s .  In the  d i c h o t i c  mode, th e  p ip  
s ig n a l  from the  earphone on one a r t i f i c i a l  e a r  and th e  50-Hz s ig n a l  from
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the  earphone on the o th e r  a r t i f i c i a l  e a r  were led  to  the o s c i l lo s c o p e  and 
superim posed . Each earphone then was p laced  on the  o p p o s ite  a r t i f i c i a l  
ea r  and th e  same procedure  was r e p e a te d .  The phase  r e l a t i o n s h ip s  between 
the  two s i g n a l s  appeared the  same in both  s i t u a t i o n s .  In th e  monotic 
mode, the  phase r e l a t i o n s h i p  of the  p ip  s ig n a l  and the  50-Hz s ig n a l  from 
one a r t i f i c i a l  e a r  looked e x a c t ly  the  same on th e  o s c i l lo s c o p e  as i t  had 
in  the  d i c h o t i c  mode.^
The frequency o f  the  50-Hz s in u s o id ,  th e  i n t e n s i t y  o f  the  acous­
t i c  p ip ,  and th e  phase r e l a t i o n s h i p  o f  th e  p ip  w i th  r e s p e c t  to  the 50-Hz
tone v a r i e d  w i th in  th e  ranges  observed in  P re l im in a ry  Study Two.
Procedure
The ex perim en ta l  procedure o f  th e  Major Study was modeled a f t e r  
th a t  used in  P re l im in a ry  Study Two. The i n s t r u c t i o n s  given to  the  ob­
s e r v e r s  were the  same. The experim en ta l p rocedure  followed a balanced
y es-no  s ig n a l  d e t e c t i o n  d es ig n  b u t  t h i s  time each observer  took p a r t  in  
four e x p e r im e n ta l  s e s s io n s .  Each s e s s io n  took p la c e  on a s e p a ra te  day 
and each c o n ta in e d  one or two p r a c t i c e  r e f e r e n c e  ru n s ,  two re fe re n c e  ru n s ,  
two c o n t r o l  r u n s ,  and the  four ex p er im en ta l  r u n s .  At the  beginning  of 
each s e s s io n  and during  a break  p e r io d  midway through  each s e s s io n ,  psy­
c h o p h y s ica l  th r e s h o ld s  were taken in  the  same way. The break  per iods  
occurred  a t  th e  same p o in t s  and fo r  th e  same p e r io d s  o f  time as they did 
i n  P re l im in a ry  Study Two. The p r a c t i c e  r e f e r e n c e  runs  were used fo r
^ I t  should  be p o in ted  out t h a t  the  A l l i s o n  model 300 a r t i f i c i a l  
e a r  has  an odd number o f  a m p l i f ic a t io n  s ta g e s  i n  i t s  c i r c u i t .  As a r e ­
s u l t ,  the  o u tp u t  of the  a r t i f i c i a l  e a r  was 180° ou t o f  phase w ith  the 
in p u t  to  th e  a r t i f i c i a l  e a r .  T here fo re ,  when th e  phase r e l a t i o n s h ip  o f  
one s ig n a l  to  ano ther  was e v a lu a te d ,  a 90° phase r e l a t i o n s h i p  looked l i k e  
a 270° phase r e l a t i o n s h i p  and v ic e  v e r s a .
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l e v e l - s e t t i n g  purposes i n  the  same way and fo r  the  same r e a s o n s .  The 
fo u r  se s s io n s  o f  th e  M ajor Study followed the  t r a i n in g  s e s s io n s  and the 
one experim en ta l s e s s io n  a s s o c ia te d  w ith  P re lim in a ry  Study Two.
Each run  c o n ta in ed  120 t r i a l s ,  the f i r s t  20 fo r  p r a c t i c e  and the 
rem ainder fo r  a c t u a l  d a t a  c o l l e c t i o n .  The schedule o f  th e  YES-NO p resen ­
t a t i o n s  was t r e a te d  as i t  was in  P re lim ina ry  Study Two. The p ip s  were 
p re se n te d  w ith o u t the  on-go ing  50-Hz tone during  the  r e f e r e n c e  and c o n t ro l  
r u n s .  In Experim ental C ond it ion  One, the  p ips  were p re s e n te d  a t  90° re 
th e  on-going to n e  and th e  two s ig n a l s  were p re sen te d  m o n o t ic a l ly ,  whereas 
• in  Experim ental C ond it ion  Two, the  two s ig n a ls  were p re s e n te d  d i c h o t i c ­
a l l y .  In Experim ental C o n d it io n  Three, the p ip s  were p r e s e n te d  a t  270° 
r e  the  on-going tone and the  two s ig n a ls  were p resen te d  m o n o t ic a l ly ,  
w hereas in  E xperim ental C o n d it io n  Four, the two s ig n a l s  were p resen ted  
d i c h o t i c a l l y .
The e ig h t  o b s e rv e r s  were d iv ided  e q u a l ly  in to  two groups. During 
th e  experim en ta l  c o n d i t io n s .  Group A rece iv ed  the  50-Hz tone  a t  10 dB 
below psychophysica l th r e s h o ld  (S ublim inal Group) and Group B rece ived  i t  
a t  5 dB above p sy ch o p h y s ica l  th re sh o ld  (S up ra lim ina l G roup). Of the four 
o b se rv e rs  in  each group, two l i s t e n e d  fo r  the p ip s  w ith  th e  r i g h t  e a r  and 
two l i s t e n e d  fo r  the  p ip s  w ith  the  l e f t  e a r .  The balanced  o rd e r  o f  t r e a t ­
ments by o b se rv e rs  i s  p r e s e n te d  in  Appendix A. The c o r r e c t - r e s p o n s e  p e r ­
cen tag e  for each run  was de te rm ined  in the  same manner as d e sc r ib e d  in  
P re l im in a ry  Study Two.
Hypotheses
When compared to  th e  "p ip s  a lone" c o n d i t io n s ,  i t  was hypothesized  
t h a t  monotic p r e s e n t a t i o n s  o f  th e  two s ig n a ls  in  q u e s t io n  would lead to
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in c re a s e d  p ip  d e t e c t a b i l i t y  during  the 90° phase-ang lo  t rea tm en t and de­
c re a se d  p ip  d e t e c t a b i l i t y  during  the  270° p hase -ang le  t r e a tm e n t .  F u r th e r ­
more, i t  was hypo thes ized  t h a t  th e re  would be no d i f f e r e n c e s  in  th e  
amounts o f  s e n s i t i z a t i o n  or d e s e n s i t i z a t io n  f o r  the  two le v e l s  o f  th e  
50-Hz tone  d u ring  the m onotic p r e s e n ta t io n s .  In a d d i t io n ,  i t  was hypoth­
e s iz e d  th a t  th e re  would be no d i f f e re n c e  in  performance between th e  r i g h t  
ea r  and l e f t  e a r  groups o f  o b se rv e rs .
I t  was h y p o th e s ized  th a t  d ic h o t ic  p r e s e n ta t io n s  o f  th e  two s i g ­
n a l s  in  q u e s t io n  would b r in g  about no s e n s i t i z a t i o n  or d e s e n s i t i z a t i o n  
a t  e i t h e r  phase-ang le  t r e a tm e n t .  I t  a l so  was hypo thesized  th a t  d u r in g  
the d i c h o t i c  p r e s e n ta t io n s  no d i f f e r e n c e  in  performance would be observed 
between the  su b l im in a l  and su p ra l im in a l  groups of obse rv e rs  o r  between 
the  r i g h t  and l e f t  ea r  groups of o b se rv e rs .
Summary
The purpose o f  t h i s  s tudy was to  i n v e s t i g a t e  whether th e  phase 
r e l a t i o n s h i p  between two lo w -lev e l  s ig n a ls  c o n t r ib u te s  to  s e n s i t i z a t i o n  
and d e s e n s i t i z a t i o n  o f  th e  a u d i to ry  system to  one o f  those  s ig n a l s  d u r in g  
d i c h o t i c  s t im u la t io n .  A s tudy  of the  e f f e c t s  o f  an on-going , lo w - le v e l ,  
50-Hz tone  upon the  d e t e c t a b i l i t y  o f  b r i e f  a c o u s t i c  p ip s  p re s e n te d  a t  90° 
and 270° r e  th e  50-Hz tone  was planned in  t h i s  c h a p te r .  S p e c i f i c a l l y ,  
in v e s t ig a t io n s  o f  the amounts of s e n s i t i z a t i o n  and d e s e n s i t i z a t i o n  a s s o ­
c i a t e d  w ith  th e  monotic and d ic h o t i c  modes o f  p r e s e n ta t io n  and w ith  two 
l e v e l s  o f  50-Hz tone p r e s e n ta t io n s  were des igned .
I t  was no t known a t  vdiat le v e l s  the 50-Hz tone could be used in  
the  d i c h o t i c  c o n d i t io n s  w ith o u t  i t  c ro s s in g  to  the o p p o s i te  ea r  and i n t e r ­
f e r in g  w ith  th e  d e t e c t io n  o f  the p ip s .  For t h a t  re a s o n ,  two P re l im in a ry
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S tu d ie s  were n e c e s s a ry  b e fo re  the Major Study cou ld  p roceed . The purpose 
o f  P re l im in a ry  Study One was to  i n v e s t i g a t e  lA a t  50 Hz. The purpose o f  
P re l im in a ry  Study Two was to  de term ine the  S u b lim in a l  S e n s i t i z a t i o n  E f fe c t  
(SSE) fo r  the  p ip s  in  the  p resence  o f  v a r io u s  l e v e l s  o f  th e  on-going , sub­
l im in a l ,  50-Hz s in u s o id  vtien the p ip s  and the  s in u s o id  were p resen ted  
m o n o t ica l ly .
This c h a p te r  d e sc r ib e d  the  o b s e rv e rs ,  th e  a p p a ra tu s ,  the  p ro ­
cedu re s ,  and the  hypo theses  fo r  th e  two P re l im in a ry  S tu d ie s  and for. the 
one Major Study in  t h i s  ex p er im en ta l  i n v e s t i g a t i o n .  The r e s u l t s  o f  th e se  
s tu d ie s  a re  p r e s e n te d  and d iscu ssed  in  the  fo l lo w in g  c h a p te r .
CHAPTER IV 
RESULTS AND DISCUSSIONS 
In tro d u c t io n
The pu rpose ,  the  d es ig n ,  and the hypo theses  o f  th e  s tu d ie s  
w i th in  t h i s  ex p e r im en ta l  in v e s t ig a t io n  were d is c u s s e d  in  Chapter I I I .
The r e s u l t s  and d i s c u s s io n s  o f  the P re l im in a ry  S tu d ie s  and the Major 
Study a re  p re se n te d  in  t h i s  c h a p te r .  A s e c t io n  on a d d i t i o n a l  f in d in g s  
a l s o  i s  inc lu d ed .
Most o f  th e  d a ta  o b ta ined  in  the  i n v e s t ig a t io n  appear in Appen­
d ix  B, a l though  some d a ta  a re  l i s t e d  in  t h i s  c h a p te r .  Summaries o f  th e
d e s c r i p t i v e  and i n f e r e n t i a l  s t a t i s t i c s  used in  th e  e v a lu a t io n s  of the 
d a ta  appear in  Appendixes B and C.
P re l im in a ry  Study One: lA a t  50 Hz
The lA v a lu e s  a t  50 Hz were ev a lu a te d  w i th  the  TDH-39 earphones
and the MX-41/AR cush ions  which were to  be used in  the  Major Study. F ive
u n i l a t e r a l  h e a r in g  lo s s  p a t i e n t s  w ith  no m easurab le  h e a r in g  in  one ea r  
and e s s e n t i a l l y  normal h e a r in g  s e n s i t i v i t y  fo r  th e  low f re q u e n c ie s  in the 
o th e r  ea r  served  a s  o b s e rv e r s .  The r e s u l t s  o f  th e  s tudy  a r e  shown in 
Table 1.
Only two o f  the  f iv e  observers  were aware o f  the 50-Hz tone- 
p u lse  p r e s e n ta t io n s  to  the  poor ea r  a t  the  maximum o u tp u t o f  the equipment
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(ap p ro x im a te ly  130 dB SPL). One observer had an lA o f  36 dB and the  o th e r  
had an lA o f  46 dB. None o f  the  o th e r  th re e  o b se rv e rs  heard  the  tone 
p u ls e s  when th e y  were as high as 38 to  48 dB above the  th re s h o ld  o f  the 
good e a r .
TABLE 1
INTERAURAL ATTENUATION DATA AT 50 Hz FOR FIVE 








dB SPL in  Poor Ear when 
Tone Heard in  Good Ear
D if fe re n c e
(dB)
1 L e f t 92.0 No Response through 130® 38.0%
2 L e f t 89 .0 No Response through 129® 4 0 .ob
3 R ig h t 86 .0 122.0 36.0
4 R igh t 78.5 124.5 4 6 .0
5 L e f t 90.0 No response  th rough 130® 4 0 .ob
^Maximum o u tp u t  o f  the equipment on the  day o f  the  t e s t .  
^No t r u e  lA dem onstrated  a t  th a t  l e v e l  or below.
P re v io u s ly ,  i t  was hypo thesized  t h a t  th e  lA a t  50 Hz would be 
g r e a t e r  than  30 dB. That h y p o th e s is  i s  supported  by th e  r e s u l t s  o f  
P re l im in a ry  S tudy  One. In f a c t ,  the  r e s u l t s  i n d i c a t e  t h a t  when TDH-39 
earphones and NX-41/AR cushions a re  used , the  a c o u s t i c  i s o l a t i o n  between 
e a r s  a t  50 Hz i s  35 dB o r  g r e a t e r .  However, f u r t h e r  s tudy  u t i l i z i n g  
equipment w i th  a h ig h e r  ou tpu t c a p a b i l i t y  and a g r e a t e r  number o f  ob­
s e rv e r s  i s  in d i c a te d  b e fo re  a more r e p r e s e n t a t i v e  f ig u re  can be exp ressed  
w ith  any d e g re e  o f  con fidence .
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P re l im in a ry  Study Two: E x ten t of the SSE
In tro d u c t io n
E ig h t no rm al-h ea r in g  male g radua te  s tu d e n ts  in  audio logy served 
as o b s e rv e rs  in  t h i s  exp e r im en ta l  i n v e s t i g a t i o n .  As d iscu ssed  in  Chap­
t e r  I I I ,  th e  o b se rv e rs  were re q u ire d  to  perfo rm  a yes-no s ig n a l - d e te c t io n  
ta sk  fo r  which a pe r iod  o f  t r a i n in g  was r e q u i r e d .  Considerable  p r a c t i c e  
time was n e c e s s a ry  fo r  a l l  o f  the  o b se rv e rs  b e fo re  they met the  response 
c r i t e r i a  l i s t e d  in  Chapter I I I .  Of the e i g h t  obse rv e rs ,  one re q u i re d  
3710 t r i a l s  and one r e q u i r e d  1040 t r i a l s .  Each o f  the  rem aining observers  
r e q u i r e d  a number o f  t r i a l s  between th e se  two v a lu e s .  The median number 
o f  t r a i n i n g  t r i a l s  was 1245.
The a c t u a l  experim ent c o n s is te d  o f  two re fe re n c e  c o n d i t io n s ,  two 
c o n t ro l  c o n d i t io n s ,  and four experim en ta l t rea tm e n t  c o n d i t io n s .  During 
the  r e f e r e n c e  and c o n t ro l  c o n d i t io n s ,  the  a c o u s t i c  p ips  were p re sen te d  
w ith o u t the  on -go ing  50-Hz s in u s o id .  During Experimental Treatment Con­
d i t i o n s  One, Two, Three, and Four, the  on-going 50-Hz s inuso id  was p re ­
sen ted  a t  -10 , -20 ,  -30, and -40 dB SL, r e s p e c t iv e l y .  During th e  e x p e r i ­
m en ta l  c o n d i t io n s ,  the a c o u s t i c  p ip s  were p re sen te d  a t  the  90° phase 
an g le  o f  the  on-go ing  50-Hz tone w h ile  th e  p ip s  and the  tone were p r e ­
sen ted  m o n o t ic a l ly .  The ex perim en ta l  runs  were p resen ted  in four d i f f e r ­
e n t  o rd e r s  and two o b se rv e rs  re c e iv e d  each o rd e r .  For each group o f  two 
o b se rv e rs  r e c e iv in g  the same o rd e r ,  one r e c e iv e d  the s ig n a ls  in  th e  r i g h t  
e a r  and the  o th e r  re c e iv e d  the  s ig n a l s  in  th e  l e f t  e a r .  The p r e s e n ta t io n  
o rd e r  fo r  t h i s  experim ent appears  in  Appendix A.
The p e r  cen t c o r r e c t  sco re  d a ta  from t h i s  s tudy  appear in  Table 8 
in  Appendix B. The ranges  o f  sco re s  as w e ll  as the mean and median sco res  
made by th e  two groups o f  o b se rv e rs  and by a l l  e ig h t  observers  a r e  shown
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ac ro ss  c o n d i t io n s .  The mean and median sco res  show very  good agreement 
throughout, the  g r e a t e s t  d i f f e r e n c e  being 1.50%. Thus, only  the means 
are  used fo r  d a ta  r e p r e s e n t a t i o n .  The d a ta  a re  p resen te d  and d iscu ssed  
in  terms o f  the  v a r i a b l e s  s tu d ie d .
R esu lts
E f f e c t  o f  t rea tm e n t o r d e r . As d is c u s se d  p re v io u s ly ,  th e  cond i­
t io n s  of t h i s  s tu d y  were p re s e n te d  in  a ba lanced  o rd e r .  I t  was assumed 
th a t  t h i s  p rocedu re  would reduce  the in f lu e n c e  o f  any o rd e r  e f f e c t  on the  
mean d a ta .  The r e s u l t s  o b ta ined  fo r  th e  e ig h t  p e r io d s  over the  e ig h t  ob­
se rv e r s ,  i r r e s p e c t i v e  o f  th e  co n d i t io n s  du ring  any o f  the  p e r io d s ,  a re  
p resen ted  in  Table  2. As can be seen from th a t  t a b le ,  th e  range o f  the 
mean sco res  fo r  th e  e ig h t  p e r io d s  was from 82.50% to 87.38%, a d i f f e r e n c e  
of only  4.88%.
The o rd e r  e f f e c t  was eva lua ted  w ith  an a n a ly s i s  o f  v a r ia n c e  p ro ­
cedure . This a n a l y s i s ,  a summary o f  which appears  in Table 11 in  Appen­
d ix  C, rev ea led  t h a t  o rder was no t a s i g n i f i c a n t  v a r ia b le  a t  the 0 .05  
l e v e l .  I t  appea rs  t h a t  the  o rd e r  of t r e a tm e n ts  was n o t  an im portan t v a r i ­
ab le  in  t h i s  s tu d y .
Comparison of r e f e r e n c e  and c o n t ro l  v a l u e s . Inasmuch as the  ob­
se rv e rs  were t r a i n e d  u n t i l  th e  response  c r i t e r i a  were met, i t  was assumed 
th a t  an o b s e r v e r 's  perform ance in the r e f e r e n c e  and c o n t ro l  c o n d i t io n s  
would remain e s s e n t i a l l y  th e  same. The d i f f e r e n c e  between th e  l a r g e s t  and 
s m a l le s t  v a lu e s ,  as  shown in  Table 8, i s  l e s s  th a n  1.40% when the  mean 
re fe re n c e  and c o n t r o l  v a lu e s  a re  compared a c ro s s  a l l  e i g h t  o b se rv e rs .
The r e f e r e n c e  v a lu e s  were t e s t e d  a g a i n s t  the c o n t r o l  v a lu e s  w ith  
the Sign T e s t .  T hat a n a l y s i s ,  a summary o f  which appears in  Table 10 in
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Appendix C, re v e a le d  no s i g n i f i c a n t  d i f f e r e n c e  in  the d i r e c t i o n  of sco res  
a t  the  0 .05 l e v e l .  T h e re fo re ,  the  assum ption  o f  e s s e n t i a l l y  e q u iv a le n t  
o b se rv e r  performance in  the  r e f e r e n c e  and c o n t r o l  co n d i t io n s  was supported , 
Because of th a t  f in d in g ,  subsequen t s e c t io n s  o f  P re l im in a ry  Study Two 
u t i l i z e  the mean of the  mean r e f e r e n c e  and c o n t ro l  v a lu es  ( h e r e a f t e r  r e ­
f e r r e d  to  as  the  "mean r e f e r e n c e - c o n t r o l  v a lu e " )  when comparing the r e f e r ­
ence and c o n t ro l  sco re s  w ith  th e  t re a tm e n t  s c o re s .
TABLE 2
PER CENT CORRECT SCORES OBTAINED AT EACH PERIOD ACROSS OBSERVERS 
IN PRELIMINARY STUDY TWO, IRRESPECTIVE OF THE 
CONDITIONS DURING THE PERIODS
O bservers
P e r io d s
1 2 3 4 5 6 7 8
1 86 93 96 84 84 84 89 87
2 82 88 85 84 80 85 82 82
3 85 94 83 84 83 88 85 83
4 81 81 85 83 87 84 92 86
5 87 89 94 87 88 92 99 87
6 84 90 92 84 85 84 84 87
7 79 79 80 78 77 89 85 79
8 81 81 80 76 76 84 83 80
Mean 83.13 86.87 86.87 82.50 82,50 86.25 87.38 83.38
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E f f e c t  o f  e a r . P re l im in a ry  Study Two was ba lanced  in  such a way 
th a t  fou r o b se rv e rs  l i s t e n e d  fo r  the  pips in the r i g h t  ea r  and four l i s ­
tened  fo r  the  p ip s  in  the  l e f t  e a r .  The d a ta  o b ta in ed  d u r in g  each c o n d i­
t io n  fo r  each o b se rv e r  a re  p re s e n te d  in Table 8. In  a d d i t i o n ,  t h a t  t a b le  
p r e s e n ts  the  means, m edians, and ranges  o f  sc o re s  f o r  th e  r i g h t  e a r  group, 
th e  l e f t  ea r  group, and th e  e n t i r e  group o f  o b s e r v e r s .  The mean r e f e r ­
ence and c o n t ro l  v a lu e s  fo r  th e  groups were computed from Table 8. T h is  
re v e a le d  mean r e f e r e n c e - c o n t r o l  v a lu e s  o f  83.63% fo r  th e  r i g h t  ea r  group, 
82.38% f o r  the  l e f t  e a r  group , and 83.00% fo r  the e n t i r e  group o f  e ig h t  
o b s e rv e r s .  The mean v a lu e  fo r  each group under each ex p e r im en ta l  t r e a t ­
ment c o n d i t io n  was taken  from Table  8 and compared to  th e  mean r e f e r e n c e -  
c o n t ro l  v a lu e  fo r  each r e s p e c t iv e  group. The r e s u l t s  o f  t h i s  p rocedure  
a re  i l l u s t r a t e d  in  F ig u re  2 .
In s p e c t io n  o f  F ig u re  2 sugges ts  t h a t  the o b se rv e rs  who l i s t e n e d  
w ith  the r i g h t  e a r  gave h ig h e r  r e l a t i v e  d e t e c t a b i l i t y  s c o re s  ac ro ss  con­
d i t i o n s  than th o se  who l i s t e n e d  w ith  the l e f t  e a r .  However, fo r  both  
groups th e  d i r e c t i o n  o f  th e  d e t e c t a b i l i t y  s c o re  changes was the same.
Both groups had t h e i r  maximum d e t e c t a b i l i t y  s c o re s  when the on-going 
50-Hz tone was p re se n te d  a t  -10 dB SL. The d e t e c t a b i l i t y  sco re s  dec reased  
fo r  both  groups as the  SL o f  the on-going tone d e c re a se d .
The d i f f e r e n c e s  between e a r s  across  t r e a tm e n t  c o n d i t io n s  were 
t e s t e d  w ith  an a n a ly s i s  o f  v a r ia n c e  procedure and were found to  be s i g ­
n i f i c a n t  a t  the  0 .05  l e v e l .  A summary o f  t h i s  a n a ly s i s  can be seen in  
Table  11 in  Appendix C. I t  was p re v io u s ly  h y p o th e s ized  t h a t  no d i f f e r ­
ence in  performance between the  r i g h t  and l e f t  ear  groups o f  obse rv e rs  
would o ccu r .  In  view o f  th e  ex perim en ta l  r e s u l t s ,  t h a t  h y p o th e s is  was 
n o t  suppo rted .  However, s in c e  th e  d i r e c t i o n  o f  d i f f e r e n c e  appears  the
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-10 dB -20 dB -30 dB
S en sa t io n  Level o f  the  50-Hz Tone
F ig u re  2. Mean monotic s e n s i t i z a t i o n  (p o s i t iv e )  
s c o re s  fo r  the o b se rv e r  groups s tu d ie d ,  as  a func tion  o f  
the  s e n s a t io n  l e v e l s  o f  the  50-Hz tone . The sco res  a re  
ex p ressed  in  terms of the  d i f f e r e n c e s  in per  cen t r e  the  
mean r e f e r e n c e - c o n t r o l  va lu e  fo r  each group of o b se rv e rs .
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same f o r  both  groups in  each c o n d i t io n ,  the r e s u l t s  from th e  e n t i r e  group 
of  e i g h t  o b s e rv e r s  were combined and analyzed to g e th e r  in the  e v a lu a t io n  
of the  e f f e c t  o f  su b l im in a l  l e v e l .
E f f e c t  o f  s u b l im in a l  l e v e l . The c e n te r  curve in F ig u re  2 i l l u s ­
t r a t e s  th e  r e l a t i v e  d i f f e r e n c e s  among the  mean performance v a lu es  fo r  a l l
o b se rv e rs  in  each  experim en ta l  t re a tm e n t  c o n d i t io n  r e  the mean r e f e r e n c e -  
c o n t ro l  v a lu e  f o r  a l l  o b s e rv e rs .  That curve  su g g es ts  t h a t  the  g r e a t e r  
the i n t e n s i t y  o f  the  su b l im in a l  to n e ,  th e  g r e a t e r  the  improvement in  th e
d e t e c t a b i l i t y  o f  the  p ip s .
F igu re  2 sugges ts  t h a t  n e i th e r  the -40- nor the  -30-dB SL c o n d i­
t io n s  le d  to  s e n s i t i z a t i o n  or d e s e n s i t i z a t i o n  bu t  t h a t  the  -20- and -10-dB 
SL c o n d i t io n s  l e d  to  s e n s i t i z a t i o n .  These s u g g e s t io n s  a re  supported  by 
the  r e s u l t s  of th e  Sign T e s t ,  a summary of which may be seen  in  Table  10. 
The r e s u l t s  i n d i c a t e  th a t  the  performances, d u r in g  the  -40- and -30-dB SL 
c o n d i t io n s  were n o t  very  d i f f e r e n t  from each o th e r  and th a t  the  -10-dB SL 
c o n d i t io n  led  to  g r e a te r  s e n s i t i z a t i o n  than the  -20-dB SL c o n d i t io n .  The 
l a t t e r  two i n d i c a t i o n s  a re  supported  by the  r e s u l t s  o f  an a n a ly s i s  o f  v a r i ­
ance p ro c e d u re ,  th e  r e s u l t s  o f  which appear in  Table 11. From F ig u re  2 i t  
can be seen th a t  the  amount o f  s e n s i t i z a t i o n  observed d u r in g  th e  -20-dB SL 
c o n d i t io n  was g r e a t e r  than  t h a t  observed d u r in g  the  -30-dB SL c o n d i t io n ,
the  d i f f e r e n c e  v a lu e  (3.20%) b e in g  alm ost as  g r e a t  as  the  d i f f e r e n c e  v a lu e
!>
(3.92%) no ted  between the  -1 0 -  and -20-dB SL c o n d i t io n s .  The s ig n i f i c a n c e  
o f  th e  d i f f e r e n c e  in  s e n s i t i z a t i o n  between th e  -20 -  and th e  -30-dB SL con­
d i t i o n s  was n o t  e v a lu a te d  s t a t i s t i c a l l y .
From th e  r e s u l t s  o f  t h i s  s tu d y ,  i t  appears  t h a t  the  -10-dB SL 
s in u s o id  brought about a r e l a t i v e l y  la rg e  SSE, the  -20-dB SL tone b rough t 
about a moderate SSE, and th e  -30- and -40-dB SL tones  brought about
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l i t t l e  or no SSE. This s u g g e s ts  t h a t  the  SSE broke down when the  50-Hz 
s in u s o id  was between -20 and -30 dB SL, I t  was hy p o th es ized  p re v io u s ly  
t h a t  the SSE would not occur when th e  50-Hz tone was p re s e n te d  a t  -20 dB 
SL o r  lower. The r e s u l t s  sugges t  t h a t  th e  e x te n t  o f  th e  SSE was g r e a t e r  
than a n t i c ip a t e d .
D iscuss ion
The ana ly se s  o f  t r e a tm e n t  o rder  and re fe re n c e  and c o n t ro l  com­
p a r is o n s  in d ic a te d  th a t  o rd e r  was n o t  a s i g n i f i c a n t  v a r i a b l e  and t h a t  the  
r e f e r e n c e  and c o n t ro l  v a lu e s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  Thus, i t  
appears  t h a t  no f u r th e r  l e a r n in g  by the o b se rve rs  fo r  th e  d e t e c t i o n  ta sk  
took p lace  d u r in g  the co u rse  o f  th e  s tudy .  Furtherm ore , i t  ap p ea rs  t h a t  
any d i f f e r e n c e s  observed r e s u l t e d  from th e  e f f e c t s  of th e  t r e a tm e n ts .
The e a r  d i f f e r e n c e s  observed  in  P re lim in a ry  S tudy Two were n o t  
expec ted .  O r ig in a l ly ,  th e  e ig h t  o b se rv e rs  were d iv id ed  in t o  two groups 
o f  four o b se rv e rs  accord ing  to  th e  p r e s e n ta t io n  e a r  on ly  t o  b a lan ce  the  
experim ent. Although s t u d i e s  in  c e r e b ra l  dominance employing a c o u s t i c  
s i g n a l - d e t e c t i o n  ta sk s  have n o t  been re p o r te d ,  o th e r  experim en ts  i n  th e  
a re a  o f  c e r e b ra l  dominance and h e a r in g  have been com pleted. The r e p o r t s  
of Kimura (1961) and M ilne r  (1962) suggested  th a t  o b s e r v e r s '  perform ance 
fo r  v e rb a l  m a te r i a l  was b e t t e r  i f  t h a t  m a te r ia l  was p re s e n te d  to  the  e a r  
o p p o s i te  th e  dominant hem isphere  f o r  speech and language ( th e  r i g h t  e a r  
in  th e  v a s t  m a jo r i ty  o f  c a s e s ) .  Their  r e p o r t s  and the  r e s u l t s  o b ta in e d  
by Chaney and Webster (1966) suggested  t h a t  the  p r e s e n ta t io n  o f  n o n v e rb a l  
m a te r i a l  would have j u s t  th e  o p p o s i te  e f f e c t .
Research f in d in g s  by I n g l i s  (1965) and Oxbury, Oxbury, and G a rd i­
ner (1967) d id  n o t  suppo rt  th e  Kimura-Milner h y p o th e s i s .  The a u th o rs  of
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both  s tu d ie s  found th a t  a t  the  beg inn ing  o f  t h e i r  experim ents ,  observers  
u s u a l ly  were b e t t e r  ab le  to  i d e n t i f y  th o se  s t im u l i  p re v io u s ly  p re sen te d  , 
to  the r i g h t  e a r  than those  p re v io u s ly  p resen ted  to  the  l e f t  e a r ,  r e g a rd ­
le s s  o f  w hether the  s t im u l i  were v e r b a l  or nonverba l .  They found th a t  
when the  experim ents  were ba lanced  and when numerous v e rb a l  and /o r  non­
v e rb a l  item s were p re s e n te d  over a p e r io d  of s e v e ra l  s e s s io n s  the ea r  
e f f e c t  was e l im in a te d .
In t h e 'p r e s e n t  s tu d y ,  th e  r i g h t  e a r  group o f  o b se rv e rs  showed 
more s e n s i t i z a t i o n  than th e  l e f t  e a r  group during  a nonverbal d e t e c t a ­
b i l i t y  ta s k  fo llo w in g  a r e l a t i v e l y  long p r a c t i c e  s e s s io n  in  which the  
response  c r i t e r i a  fo r  th e  s tudy  were met. S t a t i s t i c a l  ana ly se s  o f  the  
d a ta  in d ic a te d  t h a t  no p r a c t i c e  e f f e c t  occurred  du ring  t h i s  in v e s t i g a ­
t i o n .  Thus, th e  r e s u l t s  o f  th e  s tudy  do no t support e i t h e r  group o f  i n ­
v e s t i g a t o r s  m entioned. The c o n s is te n c y  o f  t h i s  p re s e n t  f in d in g  in  sub­
sequent runs  i s  d iscu ssed  l a t e r  in  t h i s  c h a p te r .
During the  a c tu a l  ex p er im en ta l  t rea tm en t p r e s e n ta t io n s  o f  t h i s  
i n v e s t ig a t io n ,  the  p ip  s ig n a l s  were p re sen te d  a t  a 90° phase angle o f  an 
on-going 50-Hz tone of v a r io u s  su b l im in a l  l e v e l s .  When compared to  the  
mean r e f e r e n c e - c o n t r o l  v a lu e ,  d e t e c t a b i l i t y  fo r  the p ip s  was s i g n i f i c a n t l y  
b e t t e r  ciuring the  -10- and -20-dB SL experim en ta l t rea tm e n t c o n d i t io n s .  
Such r e s u l t s  dem onstra te  th e  p resence  of a SSE and support the  r e s u l t s  ob­
ta in e d  by D eatherage and Henderson (1967) who dem onstrated a SSE fo r  sim­
i l a r  p ip s  p re s e n te d  a t  90° r e  an on -go ing , -5-dB SL, 50-Hz tone .
When the  r e s u l t s  o f  th e  p re s e n t  s tudy  a re  examined in  terms of 
th e  l e v e l  o f  th e  on-going 50-Hz to n e ,  i t  i s  i n t e r e s t i n g  to  s p e c u la te  on 
th e  rea so n  or rea so n s  why th e  SSE broke down when i t  d id .  In view o f 
th e  l i t e r a t u r e  reviewed in  Chapter I I ,  i t  appears  t h a t  the movement of
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the  b a s i l a x  membrane may be r e s p o n s ib le  fo r  t h i s  k ind  of s e n s i t i z a t i o n .  
Perhaps a 50-Hz on-going s in u s o id  between -20 and -30 dB SL no longer  
moves the  b a s i l a r  membrane s u f f i c i e n t l y  and, as a r e s u l t ,  t h a t  membrane 
does n o t  a f f e c t  the  p e rc e p t io n  o f  an o th e r  incoming s ig n a l .  A l t e r n a ­
t i v e l y ,  a t  a l e v e l  between -20 and -30 dB SL, th e  n o is e  f lo o r  o f  th e  t e s t  
chamber may have been reached  and th e  50-Hz tone may have had no more 
e f f e c t  upon the  b a s i l a r  membrane than  the  n o ise  in  a frequency  band around 
50 Hz. I n . r e g a rd  t o  the  l a t t e r  s p e c u la t io n ,  i t  i s  im p o r tan t  to  n o te  th a t  
th e  mean th re s h o ld  o f  the  50-Hz s in u s o id  was approx im ate ly  73 dB SPL for 
the  group of o b se rv e rs  used in  t h i s  experim en t.^  The n o is e  l e v e l  o f  the 
oc tave  bands around 50 Hz in  th e  t e s t  room was about 48 dB SPL, n e a r l y  
25 dB below th e  mean th re s h o ld  f o r  the  o b s e rv e rs .  Perhaps when th e  le v e l  
o f  the  50-Hz tone  d im in ish e s  to  the  spectrum l e v e l  o f  the  to n e s  in  those  
oc tave  bands i t  no longer h a s  th e  same e f f e c t  upon th e  b a s i l a r  membrane. 
Then, perhaps  i t  c o n t r i b u t e s  on ly  to  an o v e r a l l  random movement o f  the  
b a s i l a r  membrane caused by th e  n o i s e  in  those  bands . This h y p o th e s i s  may 
be in v e s t ig a t e d  by r e p l i c a t i n g  th e  s tudy  in  q u i e t e r  s u r ro u n d in g s .
Whatever th e  cause o f  th e  SSE, the f in d in g s  have s e v e r a l  im p l ic a ­
t i o n s .  For m onotic p r e s e n t a t i o n s ,  an on-going, low -frequency , su b l im in a l  
s ig n a l  as low as  -20 to  -30 dB SL can in f lu e n c e  th e  d e t e c t a b i l i t y  o f  o the r  
b r i e f  a c o u s t i c  s i g n a l s .  Care shou ld  be taken n o t  to  p h a s e - lo c k  b r i e f  
a c o u s t ic  s i g n a l s  to  an on-go ing ,  low -frequency s ig n a l  because  f a l s e  im­
p re s s io n s  of d e t e c t a b i l i t y  or th r e s h o ld  are  l i k e l y  to  o ccu r .  The r e s u l t s  
o f  D eatherage and Henderson (1967) suggest t h a t  c o n s id e ra b le  d i f f i c u l t y  
s t i l l  could a r i s e  i f  the  b r i e f  a c o u s t i c  p ips  a re  no t  phase - locked  t o  an
ISee th e  A d d i t io n a l  F in d in g s  s e c t io n  o f  t h i s  c h a p te r .
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on-go ing  s in u s o id .  In  such a s i t u a t i o n ,  the  p ip s  would occur a t  va r ious  
phase  a n g le s  o f  th e  s in u s o id .  C o n s id e rab le  v a r i a b i l i t y  in  d e t e c t a b i l i t y  
fo r  i n d i v id u a l  s ig n a l s  could r e s u l t  because  of th e  d i f f e r e n t  e f f e c t s  of 
th e  v a r io u s  phase  an g le s  upon the  d e t e c t a b i l i t y  o f  the  p ip s  i f  s u f f i c i e n t  
s p e c i f i e d  background n o is e  le v e l s  a re  n o t  used .
In  v iew  o f  th e  f a c t  t h a t  on -go ing  low -frequency  s ig n a l s  are en­
co u n te red  f r e q u e n t ly  In  a u d i to ry  r e s e a r c h  p r o j e c t s , ^  thorough analyses  
o f  th e  sounds p r e s e n t  i n  the  earphones and in  the  r e s e a r c h  chamber a re
e s s e n t i a l  fo r  a l l  s i g n a l  d e te c t io n  and th re s h o ld  experim en ts  invo lv ing
v e ry  b r i e f  a c o u s t i c  s i g n a l s .  Perhaps th e  maximum a l lo w ab le  n o ise  le v e ls  
in  sound t r e a t e d  rooms used fo r  such s t u d i e s  shou ld  be r e -e v a lu a te d  s in c e  
su b l im in a l  to n e s  can a f f e c t  d e t e c t a b i l i t y  or th r e s h o ld .
For d i c h o t i c  p r e s e n ta t io n s  t o  s o p h i s t i c a t e d  norm al-hearing  ob­
s e r v e r s ,  t h e r e  i s  a chance th a t  a low -frequency  s ig n a l  in  one ea r  could 
a f f e c t  d e t e c t a b i l i t y  f o r  b r i e f  a c o u s t i c  p ip s  in  th e  o p p o s i te  e a r .  The 
r e s u l t s  o f  P re l im in a ry  Study One su g g es ted  t h a t  an lA o f  35 dB d id  n o t  
seem u n re a so n a b le  w ith  TDH-39 earphones s e t  in  MX-41/AR cu sh io n s .  The 
r e s u l t s  o f  the  p r e s e n t  s tudy  in d i c a te  t h a t  a 50-Hz tone o f  -20 to  -30 dB 
SL can a f f e c t  d e t e c t a b i l i t y  fo r  b r i e f  a c o u s t i c  p ip s  in  the  same ear. To­
g e t h e r ,  th e s e  s tu d i e s  sugges t t h a t  a 50-Hz tone  g r e a t e r  than  5 dB SL in
one ear  cou ld  a f f e c t  th e  d e t e c t a b i l i t y  fo r  b r i e f  a c o u s t i c  p ip s  in  the
o p p o s i te  e a r  because  i t  could be g r e a t e r  than -30 dB SL in  t h a t  pip ea r  
(assum ing an lA o f  35 dB ). T h e re fo re ,  a 50-Hz tone  which i s  g re a te r  than 
5 dB SL shou ld  be avoided in  d i c h o t i c  s t u d ie s  w ith  no rm al-h ea r in g  o bse rv ­
e r s  i f  the  i n v e s t i g a t o r  does n o t  wish to  run  th e  r i s k  o f  contam inating
^The p ro b le m a t ic a l  "60 c y c le "  i s  th e  most n o to r io u s  example.
62
the  d e t e c t a b i l i t y  s c o re s  fo r  the  b r i e f  a c o u s t i c  p ip s  p re s e n te d  to  the  
o p p o s i te  e a r . 3
There i s  need fo r  f u r t h e r  r e s e a r c h  in  t h i s  a r e a .  V arious on­
go ing  s in u s o id s  should  be s tu d ie d  to  de te rm ine  the range  o f  f re q u e n c ie s  
over which th e  SSE can be o b se rv ed .  S tu d ie s  of v a r io u s  low n o is e  l e v e l s  
in  th e  oc tave  bands around 50 Hz a r e  needed to  e s t a b l i s h  w hether or no t 
th e  le v e l  o f  th e  n o is e  d e te rm in e s  the  l e v e l  a t  which th e  SSE b reaks  down.
Major Study 
I n t r o d u c t io n
The e ig h t  n o rm a l-h e a r in g  male g rad u a te  s tu d e n ts  who served  as 
o b se rv e rs  in  P re l im in a ry  S tudy Two were the  o b se rv e rs  fo r  t h i s  s tu d y .
L ike the p reced in g  s tu d y ,  t h i s  ex p e r im en ta l  in v e s t ig a t i o n  u t i l i z e d  the 
y es-no  s ig n a l  d e t e c t i o n  te c h n iq u e .  Four o f  the e ig h t  o b se rv e rs  a r b i ­
t r a r i l y  were p laced  i n t o  th e  S u b lim ina l Group and fo u r  a r b i t r a r i l y  were 
p laced  in to  th e  S u p ra l im in a l  Group. During the  four ex p e r im en ta l  t r e a t ­
ment c o n d i t io n s ,  the  o b s e rv e r s  in  th e  former group re c e iv e d  th e  on-going 
50-Hz tone a t  -10 dB SL w h i le  th o se  in  th e  l a t t e r  group re c e iv e d  the  on­
going  tone a t  5 dB SL. Two o b se rv e rs  in  each group re c e iv e d  th e  p ips  in
the  r i g h t  e a r  and two o b s e rv e r s  in  each group r e c e iv e d  them in  the l e f t  
e a r .  Each o b se rv e r  r e c e iv e d  the  p ip s  in  th e  same e a r  as he d id  in P re lim ­
in a ry  Study Two.
The experim en t c o n s i s te d  o f  two r e fe re n c e  r u n s ,  two c o n t ro l  r u n s ,  
and four ex p e r im e n ta l  t r e a tm e n t  ru n s  in  each s e s s io n .  There were four 
s e s s io n s ,  each on a s e p a r a t e  day. The r e f e r e n c e  and c o n t ro l  runs  were
^This re a s o n in g  le d  to  th e  l i m i t a t i o n  of th e  l e v e l  o f  the  su p ra ­
l im in a l  50-Hz tone to  5 dB SL fo r  th e  d i c h o t i c  t r e a tm e n ts  in  th e  major
s tu d y ,  the  r e s u l t s  and d i s c u s s io n s  o f  which fo llow .
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i d e n t i c a l  to  th o se  in  P re l im in a ry  Study Two in th a t  th e  p ip s  were p r e ­
se n te d  w ithou t the  on-going 50-Hz tone. During E xperim ental Treatment 
C ondit ion  One th e  p ip s  were p re se n te d  a t  90° r e  th e  on-going tone  and the  
two s ig n a l s  were p re sen te d  m o n o t ic a l ly ,  whereas in  E xperim enta l T r e a t ­
ment Condition Two the  two s ig n a l s  were p re se n te d  d i c h o t i c a l l y .  In Ex­
pe r im e n ta l  Trea tm ent Condition  Three the  p ip s  were p re se n te d  a t  270° r e  
the  on-going tone and th e  two s ig n a l s  were p re sen te d  m o n o t ic a l ly ,  whereas 
in  E xperim ental Treatment C ond it ion  Four th e  two s ig n a l s  were p re sen te d  
d i c h o t i c a l l y .
The p r e s e n ta t i o n  o rd e r  o f  the fou r  experim en ta l t r e a tm e n t  c o n d i­
t i o n s  was b a lan ced .  The o b se rv e rs  re c e iv e d  the ex p e r im en ta l  t rea tm e n t  
c o n d i t io n s  in  one o f  fo u r  d i f f e r e n t  o rd e rs  in  each o f  the  fo u r  s e s s io n s .  
F urtherm ore , th e  four o b se rv e rs  in  each group r e c e iv e d  d i f f e r e n t  o rd e rs  
o f  ex p er im en ta l  t re a tm e n t  c o n d i t io n s  in  any given s e s s io n .  The p r e s e n ta ­
t i o n  order fo r  t h i s  experim ent i s  shown in  Table 7 in .A ppendix  A.
For s i x  o f  the  e ig h t  o b s e rv e r s ,  each  s e s s io n  l a s t e d  from 90 to  
120 m inutes o f  one day, e x c lu s iv e  o f  th e  b reak  p e r io d  midway through each 
s e s s io n  which l a s t e d  from 20 to  180 m in u te s .  Two o f  the  e i g h t  o b se rv e rs  
took  p a r t  in  on ly  one h a l f - s e s s i o n  per day because o f  v a r io u s  time con­
f l i c t s .  The le n g th  o f  time between the h a l f - s e s s i o n s  fo r  th e s e  two ob­
s e rv e r s  ranged from one to  seven days, th e  median le n g th  o f  tim e being 
2% days . For a l l  o b se rv e rs ,  t h e r e  was a t  l e a s t  an 18-hour p e r io d  between 
whole s e s s io n s .
The p e r  c e n t  c o r r e c t  s c o re  d a ta  from t h i s  s tudy  a re  p re s e n te d  in 
Table 9 in  Appendix B. The mean and median s c o re s ,  as  w e l l  as  the  range  
o f  th e  s c o re s ,  a re  p re sen te d  fo r  each c o n d i t io n  a c ro s s  s e s s io n s  fo r  each 
group of fou r o b se rv e rs  and fo r  th e  e n t i r e  group o f  e ig h t  o b s e rv e rs .  The
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means and medians fo r  each co n d i t io n  show v e ry  good agreem ent, the  l a r g e s t  
d i f f e r e n c e  be ing  l e s s  than 1.50%. Table 9 a l so  p re s e n ts  th e  mean and 
median s c o re s ,  as w e l l  as  th e  range o f  the  s c o re s ,  fo r  a l l  e i g h t  obse rv e rs  
f o r  each c o n d i t io n ,  s e s s io n  by s e s s io n .  The means and medians fo r  each 
c o n d i t io n  show good agreem ent, the  l a r g e s t  d i f f e r e n c e  be ing  4.25%, excep t 
f o r  th e  s u p ra l im in a l  group o f  observers  du ring  the  90° D ic h o t ic  Treatment 
C ondit ion  of S ess io n  I .  For t h a t  p a r t i c u l a r  t r e a tm e n t ,  the  mean va lue  
was 8.75% h ig h e r  th an  th e  median v a lu e .  D esp ite  the one in s ta n c e  of d i s ­
agreement between th e  two v a lu e s ,  they a re  cons idered  in  good agreement 
f o r  the  s tu d y  as a whole. In the  fo llow ing  se c t io n  o f  th e  c h a p te r ,  on ly  
th e  mean v a lu e s  a re  used when the  r e s u l t s  fo r  the  two groups of observers  
a r e  p re se n te d  or when th e  r e s u l t s  for the  vHiole group o f  e ig h t  observers  
a r e  p re s e n te d .
R esu lts
E f f e c t  o f  t re a tm e n t  o r d e r . As p re v io u s ly  m en tioned , the  order 
o f  t r e a tm e n ts  in  th e  major s tudy  was balanced  in  an a t tem p t to  reduce th e  
in f lu e n c e  o f  any o rd e r  e f f e c t  on the mean d a ta .  The r e s u l t s  ob ta ined  fo r  
th e  32 p e r io d s  over the  e i g h t  o b se rv e rs ,  i r r e s p e c t i v e  o f  the  co n d i t io n  
d u r in g  any o f the  p e r io d s ,  a re  p re sen te d  in  Table 3. That t a b le  shows 
t h a t  mean sc o re s  f o r  the 32 p e r io d s  ranged from 73.63% to  86.25%, except 
fo r  p e r io d  7 where th e  mean sco re  was 69.88%. The median o f  th e  32 mean 
s c o re s  was 81.13%
The o rd e r  e f f e c t  was ev a lu a te d  w ith  an a n a ly s i s  o f  v a r ia n c e  p ro ­
ce d u re ,  th e  r e s u l t s  o f  which may be seen in  Table 13 in  Appendix C. T h is  
a n a ly s i s  r e v e a le d  th a t  o rd e r  was n o t  a s i g n i f i c a n t  v a r i a b l e  a t  the  0 .05 
l e v e l .  I t  appears  t h a t  the  o rder  o f  t re a tm e n ts  was n o t  an im portan t
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TABLE 3
PER CENT CORRECT SCORES OBTAINED AT EACH PERIOD ACROSS OBSERVERS 
IN THE MAJOR STUDY, IRRESPECTIVE OF THE 
CONDITIONS DURING THE PERIODS
Observer
P eriod





89 80 89 88 90 85 85 ■ 81 80 90 85.88
2 93 60 84 90 93 73 87 78 60 - 93 82.25
3 83 85 78 92 50 86 86 88 50 - 92 •31.00
4 86 84 91 89 86 88 82 84 82 - 91 86.25
5 . 85 79 91 82 92 83 84 75 75 - 92 83.88
6 80 53 98 71 93 52 93 54 52 - 98 74.25
7 73 84 87 54 54 80 77 50 50 - 87 69.88




80 80 87 80 89 80 74 84 74 89 81.75
2 76 50 97 89 49 78 72 90 49 - 97 75.13
3 . 78 51 96 67 84 70 87 68 51 - 96 75.13
4 78 81 84 85 90 84 75 80 75 - 90 82.13
5 79 80 87 83 85 80 78 83 78 - 87 81.88
6 70 83 79 90 53 88 67 79 53 - 90 76.13
7 88 86 81 58 98 88 68 54 54 - 98 77.63




91 78 83 85 88 80 81 82 78 91 83.50
2 81 77 86 59 62 82 97 64 59 - 97 76.00
3 83 84 75 90 66 87 84 86 66 - 90 81,88
4 . 90 78 83 82 84 82 82 79 78 - 90 82.50
5 92 82 85 83 86 82 74 78 74 - 92 82.75
6 97 60 85 52 92 67 80 56 52 - 97 73.63
7 89 64 80 87 89 61 69 78 61 - 89 77.13




82 85 84 86 89 88 80 78 78 89 84.00
2 81 90 84 70 99 ' 94 53 71 53 - 99 80.25
3 90 60 98 68 97 75 68 62 60 - 98 77.25
4 84 84 82 89 89 86 75 81 75 - 89 83.75
5 86 80 75 80 82 78 81 78 75 86 80.00
6 72 84 78 76 65 82 74 82 65 - 84 76.63
. 7 73 70 99 88 60 68 89 70 60 - 99 77.13
8 81 82 79 83 87 77 82 75 75 - 87 80.75
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variable in this study.
Comparison o f  r e f e r e n c e  and c o n t ro l  v a l u e s . I t  was assumed th a t  
the  o b s e r v e r s '  performance in  a l l  c o n d i t io n s  w ithou t the 50-Hz tone would 
be e s s e n t i a l l y  the  same. The mean r e f e r e n c e  v a lu es  and the  mean c o n t ro l  
v a lu e s  f o r  the  e ig h t  o b s e rv e rs  no ted  in  Table 9 appear q u i t e  s im i l a r  when 
they  a re  compared ac ro ss  s e s s io n s .  The mean r e fe re n c e  and c o n t ro l  sc o re s  
ranged from 80.00% to 86.25%. The median score  of the  16 mean r e f e r e n c e -  
c o n t ro l  s c o re s  was 82.63%.
The mean r e f e r e n c e  v a lu e s  were t e s t e d  a g a in s t  th e  mean c o n t r o l  
v a lu e s  w ith  the Sign T es t  and th e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  the  
d i r e c t i o n  of sco re s  a t  th e  0 .05  l e v e l .  Thus, th e  assum ption o f  e s s e n ­
t i a l l y  e q u iv a le n t  performance in  a l l  c o n d i t io n s  w ithou t th e  50-Hz tone  
was su p p o r te d .  A summary o f  th e  s t a t i s t i c a l  a n a ly s i s  appears  in  T ab le  12 
in  Appendix C. Because o f  t h i s  f in d in g ,  a l l  subsequent comparisons o f  the  
ex p e r im en ta l  trea tm en t v a lu e s  were made a g a in s t  the mean o f  th e  mean r e f ­
e rence  and c o n t ro l  c o n d i t io n  v a lu e s  ( h e r e a f t e r  r e f e r r e d  to  as the  "mean 
r e f e r e n c e - c o n t r o l  v a l u e " ) .
E f f e c t  o f  s e s s i o n . This s tu d y  r e q u i r e d  each observer to  com plete 
fou r r e p e t i t i o n s  of th e  experim en t in  fou r d i f f e r e n t  o rd e rs  d u r in g  four 
d i f f e r e n t  s e s s io n s  which o ccu rred  on s e p a ra te  days . As d iscu ssed  p r e v i ­
o u s ly ,  th e  o b se rv e rs  were w e ll  t r a i n e d  by th e  time they  took p a r t  i n  t h i s  
exp er im en t .  N e v e r th e le s s ,  t h e r e  was some q u e s t io n  whether or n o t  th e r e  
would be a p r a c t i c e  e f f e c t  which would r e s u l t  i n  improved sco res  as  the  
days p ro g re s se d .
F igure  3 i l l u s t r a t e s  the  d i f f e r e n c e s ,  in  per  c e n t ,  among s e s s io n s  
fo r  th e  mean sco res  made by th e  e i g h t  o b se rv e rs  du ring  each o f  the  e x p e r i ­
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90° I  90° I 270° I 270° 
Monotic D ich o t ic  Monotic D ic h o t ic
E xperim ental Treatm ent C ondition
F ig u re  3. Mean s e n s i t i z a t i o n  ( p o s i t i v e )  and de- 
s e n s i t i z a t i o n  (n e g a t iv e )  sco re s  fo r  a l l  o b se rv e rs  d u r in g  
each  s e s s io n  fo r  each ex p e r im en ta l  t re a tm e n t  c o n d i t io n .  
The s c o re s  a r e  expressed  In  terms o f  the  d i f f e r e n c e s  i n  
p e r  c e n t  r e  th e  mean r e f e r e n c e - c o n t r o l  v a lu e  fo r  each 
s e s s i o n .
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each treatment: c o n d i t io n  a re  r e l a t i v e  to  the mean r e f e r e n c e - c o n t r o l  v a lu es  
fo r  each s e s s i o n .  . I n s p e c t io n  o f  F ig u re  3 su g g es ts  th a t  w i th in  the 90° 
M onotic , th e  270° M onotic , and th e  270° D ic h o t ic  t rea tm e n t  c o n d i t io n s ,  
th e r e  was v e ry  l i t t l e  d i f f e r e n c e  a c ro s s  s e s s io n s .  The g r e a t e s t  r e l a t i v e  
d i f f e r e n c e  a c ro s s  s e s s io n s  w i th in  th e se  t rea tm e n t  c o n d i t io n s  was approx­
im a te ly  4.75% and t h a t  occu rred  du r in g  the 270° D ich o tic  t r e a tm e n t  con­
d i t i o n .  F ig u re  3 a l s o  i n d i c a t e s  th a t  a g r e a t e r  degree  o f  r e l a t i v e  change 
in  perform ance o ccu rred  a c ro ss  s e s s io n s  during  the  90° D ic h o t ic  t rea tm e n t  
c o n d i t io n  where perform ance appeared to  improve by approx im ate ly  9.00% 
between th e  f i r s t  and l a s t  s e s s io n s .
The e f f e c t  o f  s e s s io n s  was ev a lu a te d  w ith  an a n a ly s i s  of v a r i ­
ance p ro c e d u re ,  th e  r e s u l t s  o f  vdiich may be seen in  Table 13. The a n a l ­
y s i s  r e v e a le d  no s i g n i f i c a n t  s e s s io n  e f f e c t  a t  the  0 .05 l e v e l .  Thus, i t  
does n o t  appear t h a t  th e re  was a s i g n i f i c a n t  p r a c t i c e  e f f e c t  i n  t h i s  ex­
pe r im en t.
E f f e c t  o f  l e v e l . In  t h i s  experim ent, th e  e ig h t  o b se rv e rs  were 
d iv id e d  i n t o  two groups on th e  b a s is  o f  the  l e v e l  o f  the on-going  50-Hz 
s in u s o id  d u r in g  th e  ex p e r im en ta l  t rea tm en t c o n d i t io n s .  Table 9 i n  Appen­
d ix  B l i s t s  th e  mean d e t e c t a b i l i t y  sco res  fo r  each group of o b se rv e rs  a t  
each c o n d i t io n  d u r in g  each s e s s io n .  In  a d d i t io n ,  i t  l i s t s  t h e  mean of 
th o se  mean s c o re s  f o r  each group o f  ob se rv e rs  a c ro s s  the  fo u r  s e s s io n s .  
F ig u re  4 i l l u s t r a t e s  th e  d i f f e r e n c e s ,  in  pe r  c e n t ,  between th e  mean sco res  
o f  th e  two groups o f  o b se rv e rs  a c ro ss  se s s io n s  under each o f  th e  e x p e r i ­
m enta l c o n d i t io n s .  The d i f f e r e n c e  v a lu es  fo r  each group a t  each t r e a t ­
ment c o n d i t io n  a re  r e l a t i v e  to  th e  mean r e f e r e n c e - c o n t r o l  v a lu e s  fo r  each 





























D ic h o t ic .
E xperim enta l Treatment C ondition
F ig u re  4. Mean s e n s i t i z a t i o n  ( p o s i t iv e )  and de- 
s e n s i t i z a t i o n  (n e g a t iv e )  s c o re s  fo r  the  sub lim in a l  and 
s u p ra l im in a l  groups o f  o b se rv e rs  d u r in g  e a c h .t re a tm e n t  
c o n d i t io n  a c ro s s  s e s s io n s .  The sc o re s  are  expressed  in 
term s o f  th e  d i f f e r e n c e s  in  per  c e n t  r e  the mean reference*  
c o n t ro l  v a lu e  fo r  each  5 0 -H z .lev e l  group.
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F ig u re  4 su g g es ts  t h a t  the  su b l im in a l  and s u p ra l im in a l  groups 
o f  o b se rv e rs  behaved s i m i l a r l y  du ring  each c o n d i t io n .  There was le s s  
than a 3.50% r e l a t i v e  d i f f e r e n c e  between the  mean s c o re s  o f  th e  two groups 
under a l l  c o n d i t io n s  excep t th e  270° D ic h o t ic  t r e a tm e n t  c o n d i t io n .  There, 
th e  r e l a t i v e  d i f f e r e n c e  was approx im ate ly  5.25%. The d i f f e r e n c e s  in  the 
s c o re s  between th e  two groups were t e s t e d  w ith  an a n a l y s i s  o f  v a r ia n c e  
p ro ced u re .  The r e s u l t s  r e v e a le d  no s i g n i f i c a n t  d i f f e r e n c e  a t  the  0 .05 
l e v e l ,  th u s  su p p o r t in g - th e -  o b s e rv a t io n  th a t  bo th  g roups behaved s im i l a r l y .  
A summary o f  th e  a n a ly s i s  o f  v a r ia n c e  appears  in  T ab le  13.
P re v io u s ly ,  i t  was hyp o th es ized  t h a t  th e  perform ances o f  the  sub­
l im in a l  and s u p ra l im in a l  groups o f  o b se rv e rs  would n o t  be d i f f e r e n t  ac ro ss  
ex p e r im e n ta l  t r e a tm e n ts .  That h y p o th e s is  was su p p o r ted  by th e  r e s u l t s  ob­
ta in e d .  Because of t h i s  f in d in g ,  the rem ain ing  v a r i a b l e s  were eva lu a ted  
over the  e n t i r e  group o f  e ig h t  o b se rv e rs  r a t h e r  th a n  over the  su b lim in a l  
and s u p r a l im in a l  groups s e p a r a t e ly .
E f f e c t  of e a r . In  P re l im in a ry  Study Two, o b se rv e rs  who l i s t e n e d  
w ith  th e  r i g h t  e a r  had s i g n i f i c a n t l y  b e t t e r  d e t e c t a b i l i t y  sco re s  than ob­
s e r v e r s  who. l i s t e n e d  w ith  th e  l e f t  e a r .  This  e f f e c t  was s tu d ie d  f u r th e r  
in  th e  p r e s e n t  i n v e s t i g a t i o n .  Four o b se rv e rs  r e c e iv e d  the  p ip s  in  the 
r i g h t  e a r  and four r e c e iv e d  them in  th e  l e f t .  Table  4 p r e s e n ts  th e  mean 
sc o re s  fo r  t h e s e  two groups o f  o b se rv e rs  in  each ex p e r im e n ta l  trea tm en t 
c o n d i t io n  a c r o s s  th e  fou r  s e s s io n s  and the  mean r e f e r e n c e - c o n t r o l  v a lu es  
fo r  each group o f  fou r  o b se rv e rs  ac ro ss  the  fo u r  s e s s i o n s .  F ig u re  5 i l ­
l u s t r a t e s  th e  d i f f e r e n c e s ,  in  per c e n t ,  between th e  mean sco res  made by 
th e  r i g h t - e a r  and l e f t - e a r  groups d u ring  each ex p e r im e n ta l  t re a tm e n t  con­
d i t i o n .  The d i f f e r e n c e  v a lu e s  fo r  each group a t  each  t re a tm e n t  c o n d i t io n  
a re  r e l a t i v e  to  the  mean r e f e r e n c e - c o n t r o l  v a lu e s  a c ro s s  s e s s io n s .
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TABLE 4
MEAN PER CENT CORRECT SCORES IN THE MAJOR 
STUDY FOR RIGHT-EAR AND LEFT-EAR 
GROUPS ACROSS SESSIONS
C ondition R igh t-E ar Group L e f t -E a r  Group
R efe re n ce -C o n tro l 84.31 81.47
90° Monotic 93.31 85.75
90° D ic h o t ic 72.69 61.31
270° Monotic 84.81 83.81
270° D ic h o t ic 70.88 63.06
Table 4 and F ig u re  5 in d i c a te  th a t  th e  r e l a t i v e  d i f f e r e n c e s  b e ­
tween th e  r i g h t - e a r  and l e f t - e a r  groups was l e s s  th an  4.75% fo r  the  90° 
and 270° Monotic t r e a tm e n t  c o n d i t io n s ,  the r i g h t - e a r  group performing 
b e t t e r  i n  th e  form er c o n d i t io n  and the  l e f t - e a r  group perform ing b e t t e r  
in  the  l a t t e r  c o n d i t io n .  However, Table 4 and F ig u re  5 a lso  in d i c a te  
t h a t  th e  r i g h t - e a r  group y ie ld e d  r e l a t i v e l y  b e t t e r  d e t e c t a b i l i t y  sco re s  
than  th e  l e f t - e a r  group in  the  90° and 270° D ic h o t ic  t r e a tm e n t  c o n d i t io n s ,  
the r e l a t i v e  d i f f e r e n c e s  be ing  8.54% and 6.29%, r e s p e c t i v e l y .  I t  should 
be remembered t h a t  th e s e  d i f f e r e n c e s  were th e  mean d i f f e r e n c e s  th a t  oc ­
curred  over th e  fo u r  s e s s io n s  and n o t  over one s e s s io n  as was the  case  
in  P re l im in a ry  S tudy Two. There was some q u e s t io n  w hether or no t the  
d i f f e r e n c e s  observed  would be s i g n i f i c a n t .
























D ic h o t ic
E x p er im en ta l  Treatm ent Condition
F ig u re  5 . Mean s e n s i t i z a t i o n  ( p o s i t i v e )  and 
d e s e n s i t i z a t i o n  (n e g a t iv e )  sco res  for the r i g h t - e a r  and 
l e f t - e a r  groups o f  o b se rv e rs  during  each t re a tm e n t  con­
d i t i o n  a c ro s s  s e s s i o n s .  The sco res  a re  ex p ressed  in  
terms o f  the  d i f f e r e n c e s  in  per cen t  r e  the  mean r e f e r ­
e n c e -c o n t ro l  v a lu e  fo r  each ea r  group.
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a g a in s t  th e  s c o re s  ob ta ined  from the  l e f t - e a r  group w ith  an a n a ly s i s  of 
v a r ia n c e  p ro c e d u re .  This re v e a le d  no d i f f e r e n c e  a t  the 0.05 l e v e l  of 
s ig n i f i c a n c e .  The r e s u l t s  o f  th a t  a n a ly s i s  may be seen in  Table 13. I t  
was h y p o th e s ized  in Chapter I I I  t h a t  no d i f f e r e n c e  would be observed be­
tween the  perform ances o f  th e  r i g h t - e a r  and l e f t - e a r  groups. Although 
the  mean s c o r e s  made by the  r i g h t - e a r  group were somewhat b e t t e r  than  the  
mean s c o re s  made by the l e f t - e a r  group in  the  d ic h o t i c  trea tm en t c o n d i­
t i o n s ,  th e  d i f f e r e n c e s  were not- g r e a t  enough to  be s i g n i f i c a n t  in  t h i s  
experim en t .  T h e re fo re ,  the  h y p o th e s is  was su p p o r ted .  In view o f the  
outcome o f  t h i s  s tu d y ,  the  rem aining v a r i a b l e s  were eva lua ted  fo r  a l l  
e ig h t  o b s e rv e r s  to g e th e r  r a t h e r  than fo r  the  r i g h t - e a r  and l e f t - e a r  groups 
s e p a r a t e ly .
E f f e c t  o f  le v e l  by ea r  i n t e r a c t i o n . There was a p o s s i b i l i t y  o f  
i n t e r a c t i o n s  between the two le v e ls  o f  the  50-Hz tone p r e s e n ta t io n s  and 
the  two e a r s  used  to  d e te c t  th e  p ip s ,  b u t  i t  appeared u n l ik e ly  in  view of 
the  le v e l  and e a r  e f f e c t s  d e sc r ib e d  above. A l e v e i - b y - e a r s  i n t e r a c t i o n  
t e s t  was com pleted w ith  an a n a ly s i s  o f  v a r ia n c e  p rocedu re ,  the r e s u l t s  o f  
which may be seen  in  Table 13. The r e s u l t s  o f  t h a t  a n a ly s is  were n o t  
s i g n i f i c a n t  a t  the  0.05 l e v e l .  This su g g es ts  t h a t  th e re  was no s i g n i f i ­
c a n t  i n t e r a c t i o n  between th e  le v e l  o f  th e  50-Hz tone and the e a r  used  to  
d e t e c t  th e  p ip s .
E f f e c t  o f  phase . During the  ex p e r im e n ta l  trea tm ent c o n d i t io n s  
o f  t h i s  i n v e s t i g a t i o n ,  the  e ig h t  o b se rv e rs  r e c e iv e d  a c o u s t ic  p ip s  p r e ­
sen ted  a t  a 90° phase ang le  and a 270° phase ang le  re  the  on-going 50-Hz 
to n e .  The e x t e n t  o f  the d i f f e r e n c e s  in  the sc o re s  of th e  e n t i r e  group 
o f  o b s e rv e rs  under each phase angle t rea tm e n t  was ev a lu a ted ,  i r r e s p e c t i v e  
o f  the o th e r  v a r i a b l e s  in  th e  experim ent.
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A mean v a lu e  of 82.89% for a l l  r e fe re n c e  and c o n t ro l  c o n d i t io n s  
was c a l c u la te d  from the  d a ta  in  Table 9. Means o f  78.27% and 75.64% a ls o  
were o b ta in ed  from t h a t  d a ta  fo r  a l l  90° and 270° t r e a tm e n ts ,  r e s p e c ­
t i v e l y .  The r e l a t i v e  d i f f e r e n c e s  among these  means a re  p o r tra y e d  g raph­
i c a l l y  in  F ig u re  6 which shows th a t  the  r e l a t i v e  d i f f e r e n c e  between the 
mean r e f e r e n c e - c o n t r o l  v a lu e  and the  mean 90° p h a s e -c o n d i t io n  v a lue  was 
l e s s  than 5.00%. In  a d d i t io n ,  the f ig u r e  sugges ts  t h a t  th e  r e l a t i v e  
d i f f e r e n c e  between th e  mean 90° p h a se -c o n d i t io n  v a lu e  and th e  mean 270° 
p h a se -c o n d i t io n  v a lu e  was l e s s  than 3.00%. However, F ig u re  6 i l l u s t r a t e s  
t h a t  the  r e l a t i v e  d i f f e r e n c e  between th e  mean r e f e r e n c e - c o n t r o l  v a lue  and 
th e  mean 270° p h a s e -c o n d i t io n  va lue  was approx im ate ly  7.25%. There was 
some q u e s t io n  w hether  or n o t  these  d i f f e r e n c e s  would be s i g n i f i c a n t .
The r e s u l t s  of t h i s  phase comparison were s tu d ie d  by an a n a ly s i s  
o f  v a r ia n c e  p ro c e d u re ,  the  r e s u l t s  o f  which may be seen in  Table 13. This 
a n a ly s i s  re v e a le d  t h a t  the  mean sco res  fo r  the 90° and 270° t rea tm e n ts  
were no t d i f f e r e n t  a t  the  0 .05  le v e l  o f  s ig n i f i c a n c e .  From t h i s  f in d in g  
i t  would appear t h a t  phase i t s e l f  was n o t  a s i g n i f i c a n t  v a r i a b l e  in  t h i s  
i n v e s t i g a t i o n .
E f f e c t  o f  mode of p r e s e n t a t i o n . The e ig h t  o b se rv e rs  re c e iv e d  the 
a c o u s t i c  p ip s  and th e  on-going 50-Hz tone  m o n o t ica l ly  and d i c h o t i c a l l y  
d u r in g  the  ex p e r im en ta l  t rea tm en t c o n d i t io n s  o f  t h i s  in v e s t ig a t i o n .  The 
e x t e n t  o f  the  d i f f e r e n c e s  in  the  s c o re s  o f  the e n t i r e  group of o b se rv e rs  
under each mode o f  p r e s e n ta t io n  was e v a lu a te d ,  i r r e s p e c t i v e  of th e  o th e r  
v a r i a b l e s  in  the  exp erim en t .  From the  d a ta  in  T ab le  9, means o f  86.92% 
and 66.99% were o b ta in e d  f o r  a l l  m onotic  and d i c h o t i c  t re a tm e n t  cond i­
t i o n s ,  r e s p e c t i v e l y .  A mean o f  82.89% fo r  a l l  r e f e r e n c e  and c o n to l  con­













F igure  6. Mean d e s e n s i t i z a -  
t io n  (n e g a t iv e )  sc o re s  fo r  a l l  ob­
s e r v e r s  a t  each phase -an g le  t r e a t ­
ment, i r r e s p e c t i v e  o f  p r e s e n ta t io n  
modes, l e v e l s ,  or e a r s .  The s c o re s  
a re  expressed  in  terms o f  the  d i f ­
fe re n c e s  in  pe r  cen t  r e  the  o v e r a l l  
mean r e f e r e n c e - c o n t r o l  v a lu e  fo r  



















■ Monotic D ich o tic
Mode o f  P re s e n ta t io n  
Treatment
F igure  7 . Mean s e n s i t i z a t i o n  
( p o s i t i v e )  and d e s e n s i t i z a t i o n  (n eg ­
a t i v e )  sco re s  fo r  a l l  o b se rv e rs  a t  
each mode o f  p r e s e n t a t i o n  t re a tm e n t ,  
i r r e s p e c t i v e  o f  phase , l e v e l s ,  or 
e a r s .  The s c o re s  a re  expressed  in  
terras of the d i f f e r e n c e s  in  per  c e n t  
r e  th e  o v e r a l l  mean r e f e r e n c e - c o n t r o l  
v a lu e  fo r  a l l  o b s e rv e r s .
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ences among those  means.
F ig u re  7 shows t h a t  th e  r e l a t i v e  d i f f e r e n c e s  between the  mean 
r e f e r e n c e - c o n t r o l  v a lu e  and the  mean monotic co n d i t io n  v a lu e  was a p p ro x i­
m ately  4.00%. In  a d d i t io n ,  the  f ig u r e  su g g es ts  th a t  th e  r e l a t i v e  d i f ­
fe ren ce  between the  mean monotic c o n d i t io n  va lue  and th e  mean d ic h o t i c  
c o n d i t io n  v a lu e  was app rox im ate ly  20.00%. Furtherm ore, F ig u re  7 i l l u s ­
t r a t e s  th a t  th e  r e l a t i v e  d i f f e re n c e -b e tw e e n  the  mean r e f e r e n c e - c o n t r o l  
v a lu e  and the  mean d i c h o t i c  c o n d i t io n  v a lu e  was approx im ate ly  16.00%.
The e x te n t  o f  th e se  d i f f e r e n c e s  s u g g e s ts  th a t  the mode o f  p r e s e n ta t io n  
was an im portan t v a r i a b l e  in  t h i s  i n v e s t i g a t i o n .
The mean monotic s co re  and th e  mean d ic h o t i c  s c o re  were compared 
w ith  th e  mean r e f e r e n c e - c o n t r o l  v a lu e  th rough the use o f  an a n a ly s i s  o f  
v a r ia n c e  p ro c e d u re ,  a summary o f  which may be seen in  T ab le  13. This 
a n a ly s i s  r e v e a le d  a s i g n i f i c a n t  d i f f e r e n c e  among the  modes o f  p r e s e n ta ­
t i o n  a t  the  0 .05  l e v e l .  This r e s u l t  confirm s the  im pression  gained from 
exam ination  o f  F ig u re  7.
E f f e c t  o f  mode by phase i n t e r a c t i o n . In view o f  th e  f in d in g s  
a l re a d y  re p o r te d  th roughou t t h i s  s tu d y ,  th e  p o s s i b i l i t y  o f  i n t e r a c t i o n s  
among the  two modes o f  p r e s e n t a t i o n  and the  two phase a n g le s  used in  t h i s  
experim ent appear l i k e l y .  Table  9 l i s t  th e  mean sco re s  o f  a l l  o b se rv e rs  
fo r  each ex p e r im en ta l  t r e a tm e n t  c o n d i t io n .  These v a lu e s  and the  mean 
r e f e r e n c e - c o n t r o l  v a lu e  fo r  a l l  o b s e rv e r s  (82.89%) were u t i l i z e d  in  th e  
c o n s t ru c t io n  o f  F ig u re  8.
F ig u re  8 shows t h a t ,  r e l a t i v e  to  the mean r e f e r e n c e - c o n t r o l  
v a lu e ,  the sc o re s  were h ig h e r  d u r in g  th e  90° Monotic t r e a tm e n t  c o n d i t io n  
and c o n s id e ra b ly  lower d u r in g  th e  90° and 270° D ich o t ic  t r e a tm e n t  co n d i­


















D ic h o t ic
Treatm ent C ondit ion
F ig u re  8. Mean s e n s i t i z a t i o n  ( p o s i t i v e )  and 
d e s e n s i t i z a t i o n  (n e g a t iv e )  sco res  fo r  a l l  o b se rv e rs  a t  
each  t r e a tm e n t  c o n d i t io n ,  i r r e s p e c t i v e  of l e v e l s  or 
e a r s .  The s c o re s  a re  expressed  i n  terms o f  the d i f f e r ­
ences  in  pe r  c e n t  r e  th e  o v e r a l l  mean r e f e r e n c e - c o n t r o l  
v a lu e  fo r  a l l  o b s e rv e rs .
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t r e a tm e n t  c o n d i t io n  was e s s e n t i a l l y  the  same as the  mean r e f e r e n c e - c o n t r o l  
v a lu e .  The r e l a t i v e  enhancement in  performance sco res  fo r  the  90° Monotic 
t r e a tm e n t  c o n d i t io n  amounted to  approxim ate ly  6.50%. The r e l a t i v e  d e ­
c r e a s e  in  perform ance under the  two D ich o t ic  co n d i t io n s  amounted to  approx­
im a te ly  16.00%. The r e l a t i v e  change fo r  the  270° Monotic t re a tm e n t  con?- 
d i t i o n  was l e s s  than  2.00%.
The mode by phase i n t e r a c t i o n  r e s u l t s  were s tu d ie d  by an a n a ly s i s  
o f  v a r ia n c e  p ro ced u re ,  th e  r e s u l t s  o f  which may be seen in  Table  13. That 
a n a l y s i s  r e v e a le d  a s i g n i f i c a n t  i n t e r a c t i o n  a t  the  0.05 l e v e l .  Thus, i t  
appea rs  t h a t  th e  r e l a t i o n s h i p s  among the  mode o f  p r e s e n ta t io n  and th e  
p h a se -a n g le  v a r i a b l e s  were o f  extreme importance in  t h i s  i n v e s t i g a t i o n .
I t  was h y p o th e s iz e d  in  Chapter I I I  t h a t  monotic p r e s e n ta t i o n s  of 
th e  two s ig n a l s  in  q u e s t io n  would lead  to  s e n s i t i z a t i o n  d u r in g  th e  90° 
p h a se -a n g le  t r e a tm e n t  and d e s e n s i t i z a t i o n  during  th e  270° p h a se -a n g le  
t r e a tm e n t .  The former h y p o th e s i s  was supported  by the  r e s u l t s  o f  t h i s  
i n v e s t i g a t i o n  b u t  th e  l a t t e r  h y p o th e s is  was n o t .  In a d d i t io n ,  i t  was hy­
p o th e s iz e d  th a t  d i c h o t i c  p r e s e n ta t io n s  o f  the  two s ig n a l s  would b r in g  
abou t no s e n s i t i z a t i o n  o r  d e s e n s i t i z a t i o n  a t  e i t h e r  phase a n g le .  In  view 
o f  th e  c o n s id e ra b le  amount o f  d e s e n s i t i z a t i o n  observed in  both p h ase -  
an g le  t r e a tm e n ts  d u r in g  d i c h o t i c  s t im u la t io n ,  th a t  h y p o th e s is  was n o t  
suppo rted  by th e  r e s u l t s  o f  t h i s  s tudy .
D iscuss ion
The a n a ly se s  o f  t r e a tm e n t-c o n d i t io n  p r e s e n ta t io n  o rder  and r e f e r ­
ence and c o n t r o l  com parisons in d ic a te d  t h a t  th e re  was ho o rd e r  e f f e c t  and 
t h a t  th e  r e f e r e n c e  and c o n t r o l  v a lu es  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
Thus, i t  appea rs  t h a t  no f u r th e r  le a rn in g  o f  the  ta s k  by th e  o b se rv e rs
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took p la c e  d u r in g  th e  course  o f  the Major Study. In a d d i t io n ,  i t  appears  
t h a t  any d i f f e r e n c e s  observed r e s u l t e d  from the  e f f e c t s  o f  t r e a tm e n ts .
In the p r e s e n t  in v e s t i g a t io n ,  no s i g n i f i c a n t  d i f f e r e n c e s  in  r e ­
s u l t s  were no ted  between the  -10- and 5-dB SL groups in  th e  90° Monotic 
t re a tm e n t  c o n d i t io n s .  This f in d in g  ag rees  w ith  t h a t  of D eatherage and 
Henderson (1967) who found e s s e n t i a l l y  the  same s e n s i t i z a t i o n  e f f e c t s  
d u r in g  10-dB SL and -5-dB SL 90° p h ase -an g le  t rea tm e n t c o n d i t io n s .  Re­
g a r d le s s  o f  the  mechanism fo r  s e n s i t i z a t i o n ,  i t  appears t h a t  d u r ing  90° 
Monotic t re a tm e n t  c o n d i t io n s  the  -10-dB SL 50-Hz tone has the  same e f f e c t  
upon d e t e c t a b i l i t y  fo r  b r i e f  a c o u s t ic  p ip s  as th e  5-dB SL 50-Hz to n e .
L i t t l e  or no SSE was observed in  P re l im in a ry  Study Two when the 
50-Hz tone was p re s e n te d  a t  -40 and -30 dB SL d u r in g  the 90° Monotic 
t r e a tm e n t  c o n d i t io n .  On the  o the r  hand, some degree  of SSE was no ted  
when th e  tone was p re se n te d  a t  -20 dB SL w hile  a g re a te r  degree  o f  SSE 
was n o ted  in  th e  p resen ce  o f  a -10-dB SL 50-Hz to n e .^  On the  b a s is  of 
the  r e s u l t s  ob ta in ed  in  the  Major S tudy, i t  appears th a t  by the  time the 
50-Hz tone reach es  5 dB SL, i t  has no more in f lu e n c e  upon d e t e c t a b i l i t y  
fo r  th e  p ip s  than i t  does a t  -10 dB SL. This sugges ts  a need fo r  f u r th e r  
s tu d ie s  w i th  the  50-Hz tone p resen ted  a t  -10 to  5 dB SL in  order to  d e t e r ­
mine w hether th e  fu n c t io n  a c tu a l ly  i s  asym pto tic  between those  l e v e l s .
Unlike the  monotic p r e s e n ta t io n s ,  the  d ic h o t ic  p r e s e n ta t i o n s  in  
th e  Major Study led  to  no s e n s i t i z a t i o n  and a rem arkable degree  o f  desen ­
s i t i z a t i o n ,  i r r e s p e c t i v e  o f  the  two phase-ang le  t r e a tm e n ts .  These f i n d ­
ings  do n o t  suppo rt  th e  r e s u l t s  of Hughes (1938) who found s e n s i t i z a t i o n
^The SSE no ted  fo r  the  90° Monotic -10-dB SL trea tm e n ts  in  Pre­
l im in a ry  Study Two and in  th é  Major Study showed very  c lo se  agreement, 
th e  d i f f e r e n c e s  be ing  l e s s  than 2.5% over th e  e n t i r e  group of o b se rv e rs .
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e f f e c t s  in  s im i la r  s i t u a t i o n s .  However, t h i s  f in d in g  adds to  the  inform a­
t io n  ob ta ined  by Z w is lock i e t  a l .  (1967) which was d isc u sse d  in  Chapter I I .
The su b l im in a l  group performed s l i g h t l y  b e t t e r  than the  su p ra ­
l im in a l  group but the  d i f f e r e n c e s  were n o t  enough to  be s t a t i s t i c a l l y  s i g ­
n i f i c a n t .  The two P re l im in a ry  S tu d ie s  in d ic a te d  th a t  under the  c o n d i t io n s  
of the  i n v e s t i g a t i o n ,  a 50-Hz s in u s o id  o f  5 dB SL or l e s s  would n o t  p ro ­
duce a mechanical e f f e c t  in  the  c o n t r a l a t e r a l  e a r  o f  no rm al-h ea r in g  ob­
s e r v e r s .  I t  appears  t h a t  any e f f e c t  th e  50-Hz tone had upon th e  d e t e c t a ­
b i l i t y  o f  p ip s  in  the  c o n t r a l a t e r a l  e a r  was n e u ra l  r a t h e r  than m echanical 
in  n a tu re .  D e s e n s i t i z a t i o n  of t h i s  n a tu r e  o f te n  i s  c a l l e d  c e n t r a l  masking 
(Zw islocki e t  a l . ,  1967). S ince  e s s e n t i a l l y  the  same amounts o f  d e s e n s i ­
t i z a t i o n  were observed when the  50-Hz tone  was s e t  a t  -10 and 5 dB SL 
d uring  d i c h o t i c  p r e s e n ta t i o n s ,  f u r th e r  r e s e a r c h  on the e f f e c t s  o f  c o n t ra ­
l a t e r a l  p r e s e n u j t io n s  of v a r io u s  lo w - le v e l  50-Hz s in u so id s  i s  in d ic a te d .
In th e  Major Study th e  r i g h t - e a r  group o f  o b se rv e rs  y ie ld e d  
h ig h e r  r e l a t i v e  per  cen t  c o r r e c t  s c o re s  than the  l e f t - e a r  group o f  ob­
s e rv e rs  in  th r e e  o u t  o f  fo u r  e x p e r im e n ta l - t r e a tm e n t  c o n d i t io n s .  The d i f ­
fe rence  between e a r  groups was not s i g n i f i c a n t  as i t  was in  P re l im in a ry  
Study Two. N e v e r th e le s s ,  a tren d  in  th e  same d i r e c t i o n  i s  o b se rv ab le .
• F u r th e r  s t u d ie s  should  be conducted in  an a t tem p t to  r e s o lv e  t h i s  q u es ­
t i o n .  I t  would behoove th e  i n v e s t i g a t o r  to  r e q u i r e  a l l  o b se rv e rs  to  
l i s t e n  fo r  th e  p ip s  in  each e a r  d u r in g  o n e -h a l f  o f  the p r e s e n ta t io n s  in  
f u tu r e  r e s e a r c h  o f  t h i s  k in d .  Then, i f  d i f f e r e n c e s  in  d e t e c t a b i l i t y  
between the two e a r s  o ccu r ,  th e  d i f f e r e n c e s  would be more m eaningful than 
they were when on ly  h a l f  o f  the  o b se rv e rs  l i s t e n e d  w ith  one ea r  and h a l f  
l i s t e n e d  w i th  the  o th e r .  Balanced s i g n a l - d e t e c t i o n  s tu d ie s  o f  ea r  d i f f e r ­
ences ac ro s s  a s in g le  group o f  o b se rv e rs  a re  suggested  because s ig n a l
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d e t e c t i o n  te ch n iq u es  a l lo w  th e  in v e s t i g a t o r  to  observe  v e ry  s u b t l e  d i f f e r ­
ences  in  perform ance.
R e s u l t s  o f  th e  Major Study in d i c a t e  th a t  th e  v a r i a b l e s  of mode 
o f  p r e s e n ta t i o n  and mode by phase  i n t e r a c t i o n  were th e  most im p o r tan t  
o f  th o se  i n v e s t i g a t e d .  For m onotic  p r e s e n t a t i o n s ,  d e t e c t a b i l i t y  f o r  the  
p ip s  p re s e n te d  a t  90° r e  the  on-going 50-Hz tone was s i g n i f i c a n t l y  b e t t e r  
than  d e t e c t a b i l i t y  fo r  th e  p ip s  in  the n o - to n e  c o n d i t io n s .  T h is  f in d in g  
su p p o r ts  th e  r e s u l t s  o b ta in e d  by D eatherage and Henderson (1967).  How­
e v e r ,  th e  270° t r e a tm e n t  r e s u l t e d  in  n e i t h e r  an enhancement n o r  a d e c re a se  
i n  the  d e t e c t a b i l i t y  o f  th e  p ip s .  This f in d in g  does not su p p o r t  th e  r e ­
s u l t s  o b ta in e d  by D ea the rage  and Henderson (1967) b u t  the  rea so n  fo r  the  
d isag reem en t i s  unknown a t  t h i s  tim e. D e t e c t a b i l i t y  s tu d ie s  w ith  o th e r  
phase  r e l a t i o n s h i p s  o f  th e  two s ig n a l s  i n  q u e s t io n  should  be com pleted .
D e t e c t a b i l i t y  s c o re s  fo r  the p ip s  were e s s e n t i a l l y  th e  same a t  
bo th  phase r e l a t i o n s h i p s  d u r in g  th e  d i c h o t i c  t re a tm e n t  c o n d i t io n s  o f  the  
M ajor S tudy . These s c o r e s  were s i g n i f i c a n t l y  poorer  than the  s c o re s  in  
th e  r e f e r e n c e  and c o n t r o l  c o n d i t io n s .  In  o th e r  w ords, about th e  same 
amount o f  d e s e n s i t i z a t i o n  o ccu rred  a t  th e  two phase ang les  when averaged 
a c ro s s  o b s e r v e r s .  In  t h i s  s tu d y  every a t te m p t was made to  keep th e  on­
going  50-Hz tone from c r o s s in g  over to  th e  t e s t  e a r  d u r in g  d i c h o t i c  s t im ­
u l a t i o n .  On the  b a s i s  o f  th e  l i t e r a t u r e  reviewed in  Chapter I I  and th e  
f in d in g s  o b ta in e d  in  P re l im in a ry  S tu d ie s  One and Two, i t  i s  b e l ie v e d  t h a t  
th e  observed  d e s e n s i t i z a t i o n  r e s u l t e d  from n e u ra l  i n t e r a c t i o n .  W ith in  
th e  l i m i t a t i o n s  o f  t h i s  s tu d y ,  th e  phase r e l a t i o n s h i p  o f  the  p ip s  to  the  
on-go ing  50-Hz tone  does n o t  appear to  have an im p o r tan t  e f f e c t  upon 
n e u ra l  i n t e r a c t i o n  d u r in g  d i c h o t i c  s t im u la t io n .  However more s t u d i e s  o f  
t h i s  k ind should  be com pleted w ith  o th e r  phase r e l a t i o n s h i p s  b e fo re  a
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d e f i n i t e  c o n c lu s io n  can be reached  r e l a t i v e  to  th e  r o l e  o f  phase on the 
d e t e c t a b i l i t y  of p ip s  d u r in g  such d i c h o t i c  s t im u la t i o n .
A d d it io n a l  F in d in g s  
During P re l im in a ry  Study Two and th e  M ajor S tudy, each of the  
e i g h t  o b se rv e rs  had h i s  r i g h t - e a r  and l e f t - e a r  th r e s h o ld s  ev a lu a te d  a 
t o t a l  o f  ten  t im es  a t  50 Hz w i th  an ascend ing  method of l i m i t s  procedure . 
The mean th r e s h o ld  f o r  each observer  and th e  mean o f  means fo r  the r i g h t  
and l e f t  e a r s  of a l l  o b se rv e rs  a re  p re s e n te d  in  T ab le  5.
TABLE 5
MEAN THRESHOLDS IN dB SPL AT 50 Hz FOR RIGHT 
AND LEFT EARS OF ALL OBSERVERS
O bservers Mean
o f








74.51 78.57 65.91 81.32 68.57 76.63 71.46 74.40
In  1936, Bekesy r e p o r te d  normal t h r e s h o ld  a t  50 Hz to  be s l i g h t l y  
l e s s  than  1 dyne . He used a thermophone and a manometer " .  . . s o  t h a t  
sound p re s s u re s  cou ld  be measured d i r e c t l y  a t  th e  eardrum fo r  a 50-cps 
to n e  a t  th re s h o ld ."  (Bekesy, 1960, 257-267). W ith th e  TDH-39 earphone s e t
83
in  MX-41/AR c u sh io n s , the  p re s e n t r e s u l t s  fo r  th e  r ig h t  ear a re  2 .0  dB 
more s e n s i t i v e  th a n  Bekesy r e p o r te d . For th e  l e f t  e a r ,  th e  p re se n t r e ­
s u l t s  a r e  0 .6  dB le s s  s e n s i t iv e  than  he r e p o r te d .  I t  appears rea so n ab le  
to  co n c lu d e , how ever, th a t  th e  p re s e n t r e s u l t s  su p p o rt B ekesy 's  f in d in g s .
Summary
The r e s u l t s  o f  P re lim in a ry  S tu d ie s  One and Two and th e  Major 
Study w hich made up t h i s  ex p erim en ta l in v e s t ig a t io n  were p re sen te d  and 
d is c u s se d  in  t h i s  c h a p te r .  The r e s u l t s  o f P re lim in a ry  Study One su g g est 
th a t  th e  lA v a lu e  a t  50 Hz i s  35 dB o r g r e a t e r .  F u r th e r  study  U t i l iz in g  
equipm ent w ith  g r e a t e r  o u tp u t c a p a b i l i ty  and a la rg e r  number o f  o b se rv e rs  
i s  in d ic a te d  b e fo re  a more r e p r e s e n ta t iv e  f ig u re  can be ex p ressed .
In  P re lim in a ry  Study Two, th e  90° M onotic trea tm e n t led  to  a 
S u b lim in a l S e n s i t i z a t io n  E f fe c t  (SSE) in  th e  d e t e c t a b i l i t y  o f  p ip s  in  th e  
r i g h t -  and l e f t - e a r  groups o f  o b se rv e rs . However, an a ly ses  o f  ea r d i f ­
fe re n c e s  re v e a le d  th a t  th e  r ig h t - e a r  group dem onstra ted  a s ig n i f i c a n t ly  
g r e a te r  SSE th an  th e  l e f t - e a r  group. When th e  e f f e c t  o f th e  le v e l  o f  th e  
on -g o in g  50-Hz to n e  was e v a lu a te d , i t  was le a rn e d  th a t  the SSE broke down 
when th e  tone was betw een -20 and -30 dB SL. Im p lic a tio n s  r e l a t i v e  Lo 
th e se  f in d in g s  w ere d is c u s s e d .
The f a c t  t h a t  the  90° M onotic tre a tm e n t led  to  a SSE in  th e  
d e t e c t a b i l i t y  o f  p ip s  was confirm ed in  th e  M ajor S tudy . However, th e  
270° M onotic t re a tm e n t led  to  n e i th e r  s e n s i t i z a t i o n  nor d e s e n s i t iz a t io n .  
The e f f e c t  of th e  90° M onotic tre a tm e n t upon d e t e c t a b i l i t y  was e s se n ­
t i a l l y  th e  same vd iether th e  50-Hz tone  was p re se n te d  a t  -10 dB SL o r 5 dB 
SL. S im i la r ly ,  th e  e f f e c t  o f  th e  270° M onotic tre a tm e n t was e s s e n t i a l l y  
th e  same a t  th o se  two s e n s a tio n  le v e l s .  The 90° and 270° D ic h o tic
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tre a tm e n ts  led  to  s ig n i f i c a n t  and e s s e n t i a l l y  eq u a l amounts o f d e s e n s i t i ­
z a t io n  o f  th e  a u d i to ry  system  to  th e  p ip s .  The e f f e c t s  o f th e  90° and 
270° D ic h o tic  tre a tm e n ts  were e s s e n t i a l ly  th e  same w hether th e  50-Hz tone 
was p re se n te d  a t  -1 0  dB SL or 5 dB SL. No s ig n i f i c a n t  d if fe re n c e  in  p e r ­
formance was no ted  between th e  o b se rv e rs  who l i s t e n e d  w ith  the  r i g h t  e a r 
and th o se  who l i s t e n e d  w ith  the  l e f t .  Im p lic a t io n s  r e l a t i v e  to  the  
f in d in g s  were d is c u s s e d .
CHAPTER V 
SUMMARY AND CONCLUSIONS
There have been few w e ll -c o n tro l le d  in v e s t ig a t io n s  o f s e n s i t i z a ­
t io n  an d /o r  d e s e n s i t i z a t io n  o f  th e  a u d ito ry  system  to  one s ig n a l  in  th e  
p re sen ce  o f a d i f f e r e n t ,  o n -g o in g , lo w -le v e l s ig n a l .  R e c e n tly , however, 
D eatherage and Henderson (1967) found th a t  th e  amount o f  s e n s i t i z a t i o n  
o r  d e s e n s i t i z a t io n  to  a c o u s tic  p ip s  i s  in f lu e n c e d  by th e  phase  r e l a t i o n ­
sh ip  o f th o se  p ip s  to  an o n -g o in g , lo w - le v e l, 50-Hz s in u s o id  p re se n te d  
to  th e  same e a r .  Most of th e  b e h a v io ra l in v e s t ig a to r s  v4io have s tu d ie d  
th e  two phenomena w ith  m onotic p re s e n ta t io n s  o f th e  two lo w - le v e l s ig n a ls  
b e l ie v e  th a t  th e  m echanics o f  b a s i l a r  membrane movement a re  re s p o n s ib le  
f o r  th e  e f f e c t s  no ted  (Wegel and Lane, 1924; Ehmer, 1959; D eatherage and 
H enderson, 1967). T h is p o in t  o f view draws su p p o rt from th e  p h y s io lo g ic  
f in d in g s  o f  Bekesy (1960, 403-634) and Peake and Kiang (1962 ). However, 
th e  m echan ical a l t e r a t i o n s  o f  th e  b a s i l a r  membrane t h a t  occur d u rin g  low- 
le v e l  s t im u la t io n  a re  only p a r t i a l l y  u nders tood  a t  t h i s  tim e . F u rth e r  
anatom ic and p h y s io lo g ic  s tu d ie s  o f c o c h le a r  specim ens, c o c h le a r  m odels, 
and c o c h le a r  re sp o n se s  d u rin g  lo w -lev e l s t im u la t io n  a re  needed fo r  a 
b e t t e r  u n d e rs ta n d in g  o f  t h i s  mechanism.
Hughes (1938) noted  s l i g h t  amounts o f s e n s i t i z a t i o n  and Z w islo ck i 
e t  a l . ,  (1967) n o te d  s l i g h t  amounts o f  d e s e n s i t iz a t io n  to  th r e s h o ld - le v e l
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pure  to n es  d u r in g  s t im u la t io n  by v a r io u s  on-go ing  lo w -le v e l s in u so id s  in  
the  o p p o s ite  e a r .  N e ith e r  s tu d y  in v e s t ig a te d  w hether th e  phase r e l a t i o n ­
sh ip  between th e  to n e  p u ls e s  and th e  s in u s o id s  a f f e c te d  th e  amounts o f 
s e n s i t i z a t i o n  o r  d e s e n s i t i z a t io n  observed d u rin g  such d ic h o t ic  p r e s e n ta ­
t io n s .  N early  a l l  o f  th e  b e h a v io ra l in v e s t ig a to r s  who have s tu d ie d  th e  
two phenomena w ith  d ic h o t ic  p re s e n ta t io n s  o f th e  two lo w -le v e l s ig n a ls  
b e l ie v e  t h a t  n e u ra l  in t e r a c t io n s  o f  th e  im pulses from th e  two e a r s  a re  
re s p o n s ib le  fo r  th e  e f f e c t s  n o ted  (Hughes, 1938; Z w is lo c k i, 1953; Ingham, 
1957; Z w is lo c k i e t  a l . ,  1967). T his p o in t o f view  draws su p p o rt from 
neuroanatom ic and n e u ro p h y s io lo g ic  f in d in g s  m entioned by Galambos (1954), 
D eatherage (1 9 6 6 ), Rasmussen (1967 ), G o ld s te in  (1 967 ), Fex (1967) and 
Gacek (1 967 ). However, f u r th e r  neuroanatom ic and n eu ro p h y s io lo g ic  s tu d ie s  
o f th e  e f f e c t s  o f  one lo w -le v e l s ig n a l  upon th e  d e t e c t a b i l i t y  fo r  o th e r  
s ig n a l s  a re  in d ic a te d .
The p u rp o se  o f  th i s  ex p erim en ta l s tu d y  was to  in v e s t ig a te  w hether 
th e  phase r e l a t i o n s h i p  between two lo w -le v e l s ig n a ls  c o n tr ib u te s  to  sen ­
s i t i z a t i o n  and d e s e n s i t i z a t io n  o f th e  a u d i to ry  system  to  one o f  th o se  s i g ­
n a ls  d u rin g  d ic h o t i c  s t im u la t io n .  The e f f e c t s  o f  an o n -go ing , lo w - le v e l,  
50-Hz s in u s o id  upon th e  d e t e c t a b i l i t y  o f b r i e f  a c o u s t ic  p ip s  p re se n te d  a t  
90° and 270° r e  th e  50-Hz tone  were s tu d ie d . Because s e n s i t i z a t i o n  and 
d e s e n s i t i z a t io n  w ere observed  by D eatherage and H enderson (1967) when such 
s ig n a l s  were p re s e n te d  m o n o tic a l ly , an in v e s t ig a t io n  o f  th e  amount o f  s e n ­
s i t i z a t i o n  a n d /o r  d e s e n s i t i z a t io n  a s s o c ia te d  w ith  m onotic and d ic h o t ic  
modes o f  p r e s e n ta t io n  was in c lu d ed  in  th e  d es ig n  o f  t h i s  s tu d y .
I t  was n o t  known a t  w hat le v e ls  th e  50-Hz s in u so id  could be used 
in  th e  d ic h o t ic  c o n d it io n s  w ith o u t i t  c ro s s in g  to  th e  o p p o s ite  e a r  w ith  an 
i n t e n s i t y  s u f f i c i e n t  to  i n t e r f e r e  p e r ip h e r a l ly  w ith  th e  p ip  s ig n a l .  For
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t h a t  re a s o n , two P re lim in a ry  S tu d ie s  were n e c e ssa ry  b e fo re  th e  Major Study 
could  p ro cee d . The purpose o f  P re lim in a ry  Study One was to  in v e s t ig a te  
i n t e r a u r a l  a t te n u a t io n  (lA ) a t  50 Hz. U sing f iv e  o b se rv e rs  and the  appa­
r a tu s  and p ro c e d u re s  d e s c r ib e d  in  C hapter I I I ,  th e  50-Hz to n e  was p re ­
sen ted  f i r s t  to  th e  b e t t e r  e a r  and then  to  th e  p o o re r e a r  and the  d i f f e r ­
ences in  th re s h o ld s  between th e  two e a rs  were re c o rd e d . The r e s u l t s  o f  
P re lim in a ry  S tudy One su g g e s t th a t  the  lA v a lu e  a t ,50 Hz i s  35 dB or 
g r e a te r  w ith  th e  e x p e rim e n ta l earphones (TDH-39) and cu sh io n s  (MX-41/AR). 
F u r th e r  s tu d y  u t i l i z i n g  equipm ent w ith  g r e a te r  o u tp u t c a p a b i l i ty  and a 
la rg e r  number o f  o b se rv e rs  i s  in d ic a te d  b e fo re  a more r e p r e s e n ta t iv e  f i g ­
u re  can be e x p re s se d .
The p u rp o se  o f  P re lim in a ry  Study Two was to  d e te rm in e  th e  Sub­
lim in a l  S e n s i t i z a t io n  E f f e c t  (SSE) fo r  b r i e f  a c o u s t ic  p ip s  in  th e  p resence  
o f  an o n -g o in g , lo w - le v e l ,  50-Hz s in u s o id .  Using e ig h t  o b se rv e rs  and th e  
ap p a ra tu s  and p ro c e d u re s  d e sc r ib e d  in  C hapter I I I ,  th e  a c o u s t ic  p ip s  were 
p re se n te d  a t  a 90° p h a se -a n g le  r e  a 50-Hz s in u s o id . The p ip s  were p r e ­
sen ted  a t  a l e v e l  w hich produced from 75 to  85% c o r r e c t  re sp o n se s  in  th e  
absence o f  th e  50-Hz to n e . In  th e  ex p erim en ta l c o n d it io n s  th e  p ip s  were 
p re se n te d  a t  t h a t  same le v e l  w h ile  the  50-Hz to n e  was p re s e n te d  a t  v a r io u s  
su b lim in a l l e v e l s  and to  th e  same ea r as th e  p ip s .  Four o f  th e  o b se rv e rs  
re c e iv e d  th e  p ip s  in  th e  r i g h t  e a r  and fo u r re c e iv e d  them in  th e  l e f t .
A SSE was n o te d  fo r  each o f th e  o b s e rv e rs . T h is f in d in g  su p p o rts  
th e  r e s u l t s  o f  D eathe rage  and Henderson (1967 ). When th e  e f f e c t  o f th e  
le v e l  o f  th e  o n -g o in g  50-Hz to n e  was e v a lu a te d , i t  was n o te d  th a t  th e  SSE 
broke down when th e  50-Hz to n e  was between -20 and -30 dB SL. These r e ­
s u l t s  su g g e s t t h a t  th e  SSE i s  p re s e n t a t  lower i n t e n s i t y  le v e l s  o f  th e  on­
going  50-Hz s in u s o id  than  p re v io u s ly  a n t ic ip a te d .  A nalyses o f  e a r  d i f f e r -
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ences re v e a le d  th a t  th e  r i g h t - e a r  group o f  o b se rv e rs  dem onstrated a 
s ig n i f i c a n t l y  g r e a te r  SSE th an  th e  l e f t - e a r  group. This r e s u l t  was un­
expected  and a rea so n  fo r  th e  outcome could n o t be e s ta b l is h e d .
S p e c u la tio n s  a re  o f fe re d  r e l a t i v e  to  th e  rea so n s  why th e  SSE 
was no t observed  a t  low er le v e l s .  On th e  b a s is  o f  th e  l i t e r a t u r e  r e ­
viewed in  C hapter I I ,  i t  was assumed th a t  the  movement o f the b a s i l a r  
membrane i s  r e s p o n s ib le  fo r  th e  SSE d u rin g  m onotic s t im u la t io n . Perhaps 
a t  a  le v e l  between -20 and -30 dB SL, a 50-Hz on-go ing  s in u so id  no longer 
moves th e  b a s i l a r  membrane s u f f i c i e n t l y  and, as a r e s u l t ,  the p e rc e p tio n  
o f  an o th er incom ing s ig n a l  may n o t be a f f e c te d .  A l te rn a t iv e ly ,  th e  n o ise  
f lo o r  o f  th e  t e s t  chamber in  th e  o c tav e  bands around 50 Hz was reach ed  a t  
a le v e l  betw een -20  and -30 dB SL in  t h i s  ex p erim en ta l study . As a r e ­
s u l t ,  th e  50-Hz tone  may have had no more e f f e c t  upon th e  b a s i l a r  membrane 
th an  th e  n o is e  in  a freq u en cy  band around 50 Hz.
W hatever th e  cau se  o f  th e  SSE, th e  f in d in g s  in  P re lim in a ry  Study 
Tv;o have s e v e ra l  im p lic a t io n s .  An o n -go ing , low -frequency , su b lim in a l 
s ig n a l  as low as -20 to  -30 dB SL can in f lu e n c e  th e  d e t e c t a b i l i t y  o f  o th e r  
b r i e f  a c o u s tic  s ig n a l s  d u rin g  m onotic s t im u la t io n .  Thus, thorough a n a ly ­
ses  o f th e  sounds p r e s e n t  in  th e  earphones and in  th e  re se a rc h  chamber are  
e s s e n t i a l  fo r  a l l  s ig n a l - d e te c t io n  and th re sh o ld  experim ents in v o lv in g  
v e ry  b r i e f  a c o u s tic  s ig n a l s .  S ince s u b l im in a l . to n es  can a f f e c t  d e te c ta ­
b i l i t y  o r th re s h o ld ,  perh ap s  th e  maximum a llo w ab le  n o is e  le v e ls  in  sound 
t r e a te d  rooms used  fo r  such s tu d ie s  shou ld  be r e -e v a lu a te d .
The r e s u l t s  o f  P re lim in a ry  S tu d ie s  One and Two suggest th a t  a 
50-Hz tone g r e a te r  th an  5 dB SL in  one ea r cou ld  a f f e c t  the  d e t e c t a b i l i t y  
o f b r i e f  a c o u s t ic  p ip s  in  th e  o p p o s ite  e a r  because i t  could have an in te n ­
s i t y  g r e a te r  than  -30 dB SL in  th e  p ip  ea r (assum ing an lA of 35 dB ).
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There i s  need fo r  f u r th e r  re s e a rc h  in  th i s  a re a . V arious on-going s in u s ­
o id s  should  be s tu d ie d  to  de te rm in e  the  range o f f re q u e n c ie s  over which 
th e  SSE can be o b se rv ed . S tu d ie s  o f  v a r io u s  low -noise le v e ls  in  th e  oc­
ta v e  bands around 50 Hz a re  needed to  find  i f  the  le v e l  o f th e  n o ise  in  
th o se  bands d e te rm in e s  th e  le v e l  a t  which th e  SSE b reak s  down.
The M ajor S tudy  was designed  to  in v e s t ig a te  th e  e f f e c t s  o f  th e  
phase r e la t io n s h ip  betw een th e  p ip s  and th e  on-going 50-Hz tone d u rin g  
m onotic and d ic h o t ic  p r e s e n ta t io n s .  The same a p p a ra tu s , p ro ced u res , and 
o b se rv e rs  were u t i l i z e d  as  th o se  u t i l i z e d  in  P re lim in a ry  Study Two. Acous­
t i c  p ip s  were p re s e n te d  to  one e a r  a t  90° and 270° r e  a 50-Hz tone  p re ­
se n te d  to  e i t h e r  th e  i p s i l a t e r a l  o r c o n t r a la t e r a l  e a r .  Four o f  th e  ob­
s e rv e rs  re c e iv e d  th e  50-Hz to n e  a t  -10 dB SL and fo u r re c e iv e d  i t  a t  5 dB 
SL d u rin g  th e  e x p e r im e n ta l- tre a tm e n t ru n s . Two o b se rv e rs  in  each group 
re c e iv e d  th e  p ip s  in  th e  r i g h t  e a r  and two in  each group rec e iv e d  them in  
th e  l e f t .
The f in d in g  th a t  th e  90° Monotic trea tm e n t le d  to  a SSE was con­
firm ed in  th e  M ajor S tudy . However, the 270° M onotic tre a tm e n t r e s u l te d  
in  n e i th e r  s e n s i t i z a t i o n  nor d e s e n s i t iz a t io n .  The l a t t e r  r e s u l t  does no t 
su p p o rt th e  f in d in g s  o f  D eatherage and Henderson (1 9 6 7 ). The e f f e c t  of 
th e  90° M onotic tre a tm e n t upon d e t e c t a b i l i t y  was e s s e n t i a l l y  th e  same 
w hether th e  50-Hz to n e  was p re se n te d  a t  -10 or 5 dB SL. S im ila r ly ,  th e  
e f f e c t  o f th e  270° M onotic tre a tm e n t was e s s e n t i a l ly  th e  same a t  th o se  
two s e n s a tio n  l e v e l s .  The 90° and th e  270° D ich o tic  tre a tm e n ts  le d  to  
s ig n i f i c a n t  and e s s e n t i a l l y  eq u a l amounts o f d e s e n s i t iz a t io n  # ie th e r  the  
50-Hz tone was p re s e n te d  a t  -10  o r 5 dB SL. In th i s  s tu d y , no s ig n i f i c a n t  
d i f f e r e n c e s  in  perform ance were no ted  between the o b se rv e rs  who l i s te n e d  
w ith  the  r i g h t  e a r  and th o se  who l i s te n e d  w ith  the  l e f t  e a r .
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The r e s u l t s  o b ta in ed  d u rin g  the M ajor Study su g g e s t t h a t ,  w hat­
ever th e  mechanism fo r s e n s i t i z a t i o n ,  du ring  the  90° M onotic tre a tm e n ts  
th e  -10-dB SL 50-Hz to n e  had th e  same e f f e c t  upon th e  d e te c t io n  o f  the  
b r i e f  a c o u s tic  p ip s  as  th e  5-dB SL 50-Hz to n e . A p p a ren tly , by the  time 
th e  50-Hz tone reac h es  5 dB SL, i t  has no more in f lu e n c e  upon th e  d e te c ­
t io n  o f  the  p ip s  than  i t  does a t  -10 dB SL. This su g g e s ts  a need fo r 
f u r th e r  s tu d ie s  w ith  th e  50-Hz tone p resen ted  a t  -10 to  5 dB SL in  o rd e r 
to  d e term ine  w hether th e  fu n c tio n  a c tu a l ly  i s  asym pto tic  between those 
le v e ls .
U nlike th e  m onotic p r e s e n ta t io n s ,  th e  d ic h o tic  p re s e n ta t io n s  
led  to  a rem arkab le  d eg ree  o f  d e s e n s i t i z a t io n .  This f in d in g  does no t 
su p p o rt th e  d ic h o tic  s e n s i t i z a t i o n  f in d in g s  o f  Hughes (1938) b u t adds to  
th e  d ic h o t ic  d e s e n s i t i z a t io n  f in d in g s  of Z w islo ck i e t  a l .  (1 9 6 7 ). S ince 
e s s e n t i a l l y  th e  same amounts o f  d e s e n s i t iz a t io n  were observed  fo r  the  
su p ra lim in a l and su b lim in a l groups o f  o b se rv e rs  d u rin g  d ic h o t ic  p resen ­
t a t i o n s ,  f u r th e r  re s e a rc h  on th e  e f f e c t s  o f  c o n t r a l a t e r a l  p re s e n ta t io n s  
o f v a r io u s  lo w -le v e l 50-Hz s in u s o id s  i s  in d ic a te d .  A pprox im ately  th e  same 
amount o f  d e s e n s i t i z a t io n  o ccu rred  a t  the two phase a n g le s  d u rin g  d ic h o t ic  
p r e s e n ta t io n s .  I t  i s  b e lie v e d  th a t  the observed  d e s e n s i t i z a t io n  r e s u l te d
f
from n e u ra l  in t e r a c t io n .  W ith in  th e  l im i ta t io n s  o f t h i s  s tu d y , th e  phase 
r e la t io n s h ip  o f  th e  p ip s  to  th e  on-going 50-Hz tone does n o t appear to  
have an im p o rtan t e f f e c t  upon n e u ra l  in te r a c t io n  d u rin g  d ic h o t ic  s tim u la ­
t io n .  However, more s tu d ie s  o f  t h i s  kind should  be com pleted  w ith  o th e r 
phase r e la t io n s h ip s  b e fo re  a d e f in i t e  co n c lu sio n  can be reach ed  r e l a t i v e  
to  th e  r o le  o f  phase on th e  d e t e c t a b i l i t y  o f  p ip s  d u r in g  such d ic h o t ic  
s t im u la t io n .
A s ig n i f i c a n t  d if f e re n c e  in  perform ance between th e  r ig h t - e a r
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and l e f t - e a r  groups o f  o b se rv e rs  d id  n o t occur in  th e  M ajor S tudy as i t  
had in  P re lim in a ry  Study Two. N e v e r th e le s s , a tren d  in  th e  same d i r e c ­
tio n  was o b served . F u r th e r  s tu d ie s  should  be conducted in  an a ttem p t to  
r e s o lv e  th i s  q u e s t io n . In  fu tu r e  re s e a rc h  o f  t h i s  k in d , i t  would behoove 
th e  in v e s t ig a to r  to  a llo w  a l l  o b se rv e rs  to  l i s t e n  to  the  p ip s  in  each ear 
d u rin g  h a l f  o f th e  p r e s e n ta t io n s .  Balanced s ig n a l  d e te c t io n  s tu d ie s  o f 
e a r  d if f e r e n c e s  a c ro ss  a s in g le  group o f  o b se rv e rs  a re  su g g es ted  because 
s ig n a l  d e te c t io n  te c h n iq u e s  a llo w  th e  in v e s t ig a to r  to  o b serv e  v e ry  s u b tle  
d i f f e r e n c e s  in  p erfo rm ance .
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TABLE 6
BALANCED ORDER OF TREATMENTS BY OBSERVERS 
IN PRELIMINARY STUDY TWO
O bserver T e s t T rea tm en t* O rder A cross P e rio d s




L e f t
R 2 1 C R 4 3 C
3
2
R ig h t
L e f t
R 1 3 C R 2 4 C
5 R ig h t R 4 2 C R 3 1 C
4 L e ft
7 R ig h t
8 L e f t
R 3 4 C R 1 2 C
* R -  R efe re n ce  C o n d itio n  
C -  C o n tro l C o n d itio n  
1 -  E x p erim en ta l C o n d itio n  One
2 -  E x p erim en ta l C o n d itio n  Two
3 -  E xperim en ta l C o n d itio n  T hree
4 -  E x perim en ta l C o n d itio n  Four
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TABLE 7
BALANCED ORDER OF TREATMENTS BY OBSERVERS 
IN THE MAJOR STUDY
Group A (S u b lim in a l)  Group B (S u p ra lim in a l)
_ O bserver 
. Number 1 2 3 4 5 6 7 8rod - . ~ , 
T es t Ear R L R L R L R L
S ess io n  I
1 R R R R R R R R
2 Order 1 4 2 3 1 4 2 3
3 of 2 3 4 1 2 3 4 1
4  T re a t- C C C C C C C C
5  ments* R R R R R R R R
6 A cross 3 2 1 4 3 2 1 4
7 P e rio d s 4 1 3 2 4 1 3 2
8 C C C C C C C C
S ess io n  I I
1 R R R R R R R R
2 O rder 4 2 3 1 4 2 3 1
3. of 3 4 1 2 3 4 1 2
.4 T re a t­ C C C C C C C C
s' m ents* R R R R R R R R
6 A cross 2 1 4 3 2 1 4 3
7 P erio d s 1 3 2 4 1 3 2 4 .
8 C C C C C C C C
S e ss io n  I I I
1 R R R R R R R R
2 Order 2 3 1 4 2 3 1 4
3 of 4 1 2 3 4 1 2 3
4  T re a t- C C C C C C C C
5  m ents* R R R R R R R R
6 A cross 1 4 3 , 2 1 4 3 2
7  P e rio d s 3 2 4 1 3 2 4 1
8 C C C C C C C C
S e ss io n  IV
1 R R R R R R R R
2 Order 3 1 4 2 3 1 4 2
3 o f 1 2 3 4 1 2 3 4
4 T re a t- C C C C C C C C
5 m ents* R R R R R R ■ R R
6 A cross 4 3 2 1 4 3 2 1
7 P e rio d s 2 4 1 3 2 4 1 3
8 C C C C C C C C
*R -  R eference C o n d itio n  
C -  C o n tro l C o n d itio n  
1 -  E xperim en ta l C o n d itio n  One
2 -  E xperim en ta l C o n d itio n  Two
3 -  E xperim en tal C o n d itio n  T hree




PER CENT CORRECT SCORES FOR RIGHT-EAR, LEFT-EAR, AND BOTH



















C o n tro l
Two
1 86 96 93 84 84 89 84 87
3 85 94 88 84 83 83 85 83
R ig h t 5 87 99 94 87 88 92 89 87
7 79 89 85 78 77 79 80 79
Ear Range 79-87 89-99 85-94 78-87 77-88 79-92 80^89 79-87
Mean 84.25 94.50 90.00 83.25 83.00 83.75 84.50 84.00
Median 85.50 95.00 90.50 84.00 83.50 86.00 84.50 85.00
2 82 88 85 84 80 85 82 82
4 81 92 85 83 87 84 81 86
L e f t 6 84 92 90 84 85 84 84 87
- 8 81 84 83 76 76 81 80 80
Ear Range 81-84 84-92 83-90 76-84 76-87 81-85 80-84 80-87
Mean 82 .00 89.00 85.75 81.75 82.00 83.50 81.75 83.75
Median 81.50 90.00 85.00 83.50 82.50 84.00 81 .50 84.00
Range 79-87 84-99 83-94 76-87 76-88 79-92 80-89 79-87
Both Mean 83 .13 91.75 87 .88 82 .50 82 .50 84 .63 83 .13 83.88
Median 83.00 92.00 86.50 84.00 83.50 84.00 83 .00 84.50
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TABLE 9
PER CENT CORRECT SCORES FOR SUBLIMINAL AND SUPRALIMINAL GROUPS
OF OBSERVERS IN THE MAJOR STUDY (SESSION ONE)
Group
Ob­






D ic h o tic







D ic h o tic
C o n tro l
Two
I 89 93 83 86 85 80 73 88
S
U 2 80 84 53 84 79 85 60 78
B
L 3 89 98 84 91 91 87 78 89
I
M 4 88 92 54 89 82 90 71 79
I
N Range 80-89 84-98 53-84 84-91 79-91 80-90 60-78 78-89
A Mean 86.50 91.75 68.50 87.50 84.25 85 .50 70.50 83 .50
L Median 88 .50 92.50 68.50 87 .50 83 .50 86 .00 72.00 83 .50
S 5 90 93 50 86 92 93 54 94
U
P 6 85 80 52 88 83 86 73 84
R





8 81 88 50 84 75 78 54 78
Range 81-90 80-93 50-87 82-88 75-92 77-93 54-86 78-94
N Mean 85 .25 88.50 59.75 85.00 83 .50 83 .50 66.75 85 .75
A
L
Median 85 .00 90.50 51.00 85 .00 83 .50 82.00 63.50 85.50
TABLE 9 (Continued)
PER CENT CORRECT SCORES FOR SUBLIMINAL AND SUPRALIMINAL GROUPS
OF OBSERVERS IN THE MAJOR STUDY (SESSION TWO)
Group
Ob­






D ic h o tic







D ic h o tic
C o n tro l
Two
S 1 80 88 70 78 79 78 76 76
U
B 2 80 83 50 81 80 86 51 82
L
I 3 87 96 81 84 87 97 79 81
M
I 4 80 89 67 85 83 90 58 78
N
A Range 80-87 83-96 50-81 78-85 79-87 78-97 51-79 76-82
L Mean 81.75 89 .00 67.00 82 .00 82.25 87.75 66.00 79.25
Median 80 .00 88 .50 68.50 82.50 81,50 88.00 67.00 79.50
S
u
5 89 98 53 90 85 84 49 88
P
R
6 80 88 78 84 80 88 70 83
A
L
7 74 87 68 75 78 72 67 82
I
M
8 84 90 68 80 83 79 54 80
I Range 74-89 87-98 53-78 75-90 78-85 72-88 49-70 80-88
N
A Mean 81.75 90.75 66.75 82.25 81.50 80.75 60.00 83.25




PER CENT CORRECT SCORES FOR. SUBLIMINAL AND SUPRALIMINAL GROUPS
OF OBSERVERS IN THE MAJOR STUDY (SESSION THREE)
Ob­ R eferen ce 90° 90° C o n tro l R efe ren ce 270° 270° C o n tro l
Group s e rv e r S t a t i s t i c One M onotic D ic h o tic One Two M onotic D ic h o tic Two
s
1 91 97 81 90 92 89 83 90
U
B
2 78 84 64 78 82 77 60 83
L
I
3 83 86 75 83 85 85 80 83
M
I
4 85 87 52 82 83 90 59 79
N Range 78-91 84-87 52-81 78-90 82-92 77-90 59-83 79-90
A
L Mean 84 .25 88.50 68.00 83.25 85.50 85.25 70 .50 83.75
Median 84 .00 86.50 69.50 82.50 84.00 87 .00 70.00 83.00
S 5 88 92 62 84 86 89 66 84
U
P 6 80 87 61 82 82 82 67 80
R
A 7 81 97 84 82 74 80 69 81
L
I 8 82 78 56 79 78 86 64 71
M
I Range 80-88 78-97 56-84 79-84 74-86 80-89 64-69 71-84
N Mean 82 .7 5 88.50 65.75 81.75 80 .00 84.25 66.50 79.00
A




PER CENT CORRECT SCORES FOR SUBLIMINAL AND SUPRALIMINAL GROUPS
OF OBSERVERS IN THE MAJOR STUDY (SESSION FOUR)
Group
Ob­
se rv e r S t a t i s t i c





D ic h o tic







D ic h o tic
C o n tro l
Two
S
1 82 90 73 P4 86 81 72 81
Ü
B
2 85 90 60 84 80 84 70 82
L
I 3
84 99 78 82 75 98 84 79
M
I































S 5 89 97 60 89 82 99 65 87
U
P 6 88 94 75 86 78 82 68 77
R
A 7 80 89 74 75 81 68 53 82
L



































PER CENT CORRECT SCORES FOR SUBLIMINAL AND SUPRALIMINAL GROUPS
OF OBSERVERS IN THE MAJOR STUDY (ACROSS SESSIONS)
Group
Ob­
s e rv e r S t a t i s t i c





D ic h o tic
C o n tro l
One





D ic h o tic
C o n tro l
Two
S Range 78-91 76-99 50-87 78-91 75-92 77-98 51-86 76-90
U
B 1 - 4 Mean 84 .19 89.50 68.44 84.38 83 .06 86 .56 70.13 81.94
L





Range 74-90 78-98 50-87 75-90 74-92 68-99 49-86 71-94
JT
R Mean 83 .38 89 .56 65.56 82.94 81 .19 82 .0 6 63.81 82 .0 6
A 5 - 8
L
*r




Range 74-91 76-99 50-87 75-91 74-92 68-99 49-86 71-94
0
T
1 - 8 Mean 83 .78 89.53 67.00 83 .66 82 .12 84.31 66.97 82.00






P re lim in a ry  Study Two; E x ten t o f  th e  SSE 
The R eference  sc o re s  f o r  a l l  o b se rv e rs  w ere te s te d  a g a in s t  th e  
C o n tro l s c o re s  f o r  a l l  o b se rv e rs  w ith  th e  S ign  T e s t (S ie g e l ,  1956, 68- 
75 ). The sc o re s  o f  a l l  o b se rv e rs  o b ta in ed  in  th e  -10-dB SL, -20-dB SL, 
-30-dB SL, and -40-dB SL tre a tm e n ts  a lso  w ere te s te d  a g a in s t  th e  R e fe r­
ence and C o n tro l v a lu es  w ith  th e  S ign  T e s t .  The l a t t e r  p ro c e d u re  was 
accom plished  by exam ining th e  d i f f e r e n c e  betw een a  tre a tm e n t s c o re  and 
th e  R e fe re n c e  s c o re  when th a t  t re a tm e n t o ccu rred  a t  P erio d  2 o r  P e rio d  6 
and by exam ining th e  d if f e re n c e  betw een a  tre a tm e n t sc o re  and th e  Con­
tro l. sc o re  wheii t h a t  trea tm en t o c c u rre d  a t  P e rio d  3 o r P e r io d  7 . A 
summary o f  th e  S ign  T es t a n a ly s is  appears  in  T ab le  10 which fo llo w s .
The R eferen ce  and C o n tro l v a lu e s  fo r  a l l  o b se rv e rs  w ere a d ju s te d  
by o b ta in in g  th e  mean o f th e  one R eference sc o re  and th e  one C o n tro l 
s c o re  in  each  h a l f - s e s s io n .  T h is  v a lu e  was th e n  s u b tra c te d  from  each o f 
th e  two tre a tm e n t sc o re s  in  t h a t  h a l f - s e s s io n .  An A n a ly s is  o f V ariance  
w ith  R epeated  M easurements (N in e r , 1962, 554-562) was perfo rm ed  on th e se  
d i f f e r e n c e s .  The e f f e c t  of tre a tm e n t o rd e r  a ls o  was s tu d ie d  in  th a t  
a n a ly s i s .  F u rth erm o re , the  s c o re s  o f th e  fo u r  r i g h t - e a r  o b s e rv e rs  were 
compared w ith  th e  sco re s  of th e  l e f t - e a r  o b s e rv e rs .  In  a d d i t io n ,  th e
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e a r  by tre a tm e n t in te r a c t io n  was e v a lu a te d . A summary o f th e  r e s u l t s  o f 
t h i s  A n a ly s is  o f V ariance  ap p ea rs  in  T ab le  11.
TABLE 10
SIGN TEST COMPARISONS OF REFERENCE, CONTROL, AND TREATMENT 
SCORES FOR PRELIMINARY STUDY TWO
Com parison P
C o n tro l vs R eference NS
-10  dB SL v s  R eference and C o n tro l 0 .004
-2 0  dB SL v s  R eference and C o n tro l 0 .004
-30  dB SL vs  R eference and C o n tro l NS.
-4 0  dB SL v s  R eference and C o n tro l NS
TABLE 11
ANALYSIS OF VARIANCE OF PRELIMINARY STUDY TWO WITH REPEATED 
MEASUREMENTS USING THE MEAN OF THE REFERENCE AND 
CONTROL DATA AS THE BASIS FOR COMPARISON
Source df SS MS F P
Among O bservers 7 . 73.47
E ars 1 47.53 47 .53 11.00 0.025
E rro r 6 25.94 4 .3 2
W ith in  O bservers 24 422 .75
O rder ( tim e ) 3 6 .59 2 .16 < 1 .00 NS
-10 & -20  v s  -3 0  & -40 1 325 .50 325.50 94.90 0.005
-10 v s  -20 1 31.60 31 .60 9.21 0.010
-30  v s  -40 1 0 .8 0 0 .8 0 < 1 .00 NS
E ar X T rea tm en t 3 14.03 4 .6 8 1.36 NS
E rro r 13 44 .60 3 .4 3
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M ajor Study
The R eferen ce  sc o re s  f o r  a l l  o b se rv e rs  w ere te s te d  a g a in s t  th e  
C o n tro l s c o re s  f o r  a l l  o b se rv e rs  w ith  th e  Sign T e s t (S e ig e l ;  1956, 68- 
7 5 ). The s c o re s  o f a l l  o b s e rv e rs  o b ta in e d  in  th e  90° M onotic , 90° 
D ic h o tic ,  270° M ono tic , and 270° D ic h o tic  tre a tm e n ts  a l s o  w ere te s te d  
a g a in s t  th e  R eference  and C o n tro l v a lu e s  w ith  th e  S ign T e s t .  The l a t ­
t e r  p ro ced u re  was accom plished  in  th e  same manner th a t  i t  was in  P re ­
lim in a ry  S tudy  Two. A summary o f  th e  S ign  T e s t a n a ly s is  appears  in  
T ab le  12 w hich fo llo w s .
TABLE 12
SIGN TEST COMPARISON OF REFERENCE, CONTROL, AND TREATMENT 
SCORES FOR MAJOR STUDY
Com parison P
C o n tro l vs R eference NS
90° M onotic vs R eferen ce  and C o n tro l 0.001
90° D ic h o tic  vs R eferen ce  and C o n tro l 0.001
270° M onotic vs R eferen ce  and C o n tro l NS
270° D ic h o tic  vs R eferen ce  and C o n tro l 0.001
The R efe ren ce  and C o n tro l v a lu e s  fo r  a l l  o b se rv e rs  were a d ju s te d  
by  o b ta in in g  th e  mean o f  th e  one R eferen ce  sc o re  and th e  one C on tro l 
s c o re  in  each  h a l f - s e s s io n .  T h is  v a lu e  was th e n  s u b tra c te d  from each  o f
O'
th e  two tre a tm e n t sc o re s  in  t h a t  h a l f - s e s s io n .  A nother A n a ly s is  o f  V a ri­
ance w ith  R epeated  M easurem ents (W iner, 1962, 349-351) was perform ed.
The v a lu e s  o b ta in e d  i n  th e  M onotic and D ic h o tic  modes w ere compared. The
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sc o re s  o b ta in ed  a t  th e  90° and 270° phase an g le s  were compared, a lso - 
The mode by phase In te r a c t io n  was e v a lu a te d . The e f f e c t  o f  trea tm en t 
o rd e r  was e v a lu a te d  in  th a t  a n a ly s is  as was th e  e f f e c t  of s e s s io n s  
(d a y s ) .
T his p a r t i c u la r  a n a ly s is  allow ed com parisons among th e  sco res 
ob ta in ed  by th e  fo u r s u b l im in a l- le v e l  o b se rv e rs  and those o b ta in ed  by 
th e  four s u p ra l im in a l - le v e l  o b s e rv e rs . In  a d d i t io n ,  th e  sc o re s  o f th e  
fo u r r ig h t - e a r  o b se rv e rs  w ere compared w ith  th e  sc o re s  of the fou r l e f t -  
e a r  o b s e rv e rs . The le v e l  by e a r s  i n t e r a c t io n  was e v a lu a te d . The mode 
by l e v e l s ,  th e  mode by e a r s ,  and th e  mode by le v e ls  by e a rs  in te r a c t io n s  
were s tu d ied '. F u rtherm ore , th e  phase by le v e ls  in t e r a c t io n ,  the  phase by 
e a rs  i n t e r a c t io n ,  and th e  phase by le v e ls  by e a rs  in te r a c t io n  were e v a lu ­
a te d .  The mode by phase by le v e l s ,  th e  mode by phase by e a r s ,  and the  
mode by phase by le v e ls  by e a rs  in t e r a c t io n s  were s tu d ie d , a ls o .  The 
o rd e r by le v e ls  in t e r a c t io n ,  th e  o rd e r by e a r s  in t e r a c t io n ,  and the o rd e r 
by le v e ls  by e a r s  in t e r a c t io n  were e v a lu a te d . F in a l ly ,  th e  se ss io n  by 
le v e ls ,  th e  s e s s io n  by e a r s ,  and th e  s e s s io n  by le v e ls  by e a rs  in te r a c ­
t io n s  w ere s tu d ie d .  A summary o f  th e  r e s u l t s  o f  t h i s  A n aly sis  o f  V ariance 
appears in  T ab le  13 which fo llo w s .
Ill
TABLE 13
ANALYSIS OF VARIANCE OF THE MAJOR STUDY WITH REPEATED MEASUREMENTS 
USING THE MEAN OF THE REFERENCE AND CONTROL DATA 
AS THE BASIS FOR COMPARISON
Source d f SS MS F P
Among O bservers 7 2409.12
L evels  (sub vs su p ra) 1 173.45 173.45 <1.00 NS
E ars  ( r ig h t  vs l e f t ) 1 556.95 556.95 1 .99 NS
L ev e ls  X E a rs 1 556.94 556.94 1.99 NS
E rro r 4 1121.78 280.45
W ith in  O bservers 120 19406.07
Mode (M o n o tic -D ich o tic ) 1 12640.50 12640.50 40 .60 0 .01
Mode X L ev e ls 1 38.28 38.28 <1.00 NS
Mode X E ars 1 231.12 231.12 < 1 .00 NS
' Mode X L ev e ls  X E ars 1 586.54 586.54 1 .88 NS
Mode X (S /C e l ls )  . 4 1245.31 311.33
Phase (90° v s  270°) 1 244.76 244.76 3 .7 0 NS
Phase X L ev e ls 1 86.13 86.13 1.30 NS
Phase X E a rs 1 233.81 233.81 3 .53 NS
Phase X L ev e ls  X E ars . 1 4 .1 4 4 .1 4 < 1 .00 NS
Phase X (S /C e l ls ) 4 264.97 66 .24
Mode X P hase 1 215.28 215.28 23.15 0 .01
Mode X P hase  X L evels 1 2.53 2 .53 < 1 .00 NS
Mode X P hase X E ars 1 18.01 18.01 1 .94 NS
Mode X P hase X L evel X E ar 1 1.12 1.12 < 1 .00 NS
Mode X P hase X (S /C e l ls ) 4 37.19 9 .3 0
O rder ( tim e ) 3 100.16 33.39 1 .51 NS
O rder X L ev e ls 3 151.79 50.50 2 .2 8 NS
O rder X E a rs 3 7 .16 2 .05 < 1 .0 0 NS
O rder X L ev e ls  X E ars 3 89.79 29.93 1 .35 NS
O rder X (S /C e lls ) 12 265.79 22.15
S ess io n s  (d ays) 3 278.71 92 .90 1 .22 NS
S essio n s  X L evels 3 157.21 52 .40 < 1 .0 0 NS
S e ss io n s  X E ars 3 24.71 8 .2 4 < 1 .00 NS
S ess io n s  X L evels  X E ars 3 331.59 110.53 1 .46 NS
S ess io n s  X (S /C e lls ) 12 910.09 75 .8 4
R es id u a l 48 ' 1189.38
